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PREFACE 
TO FIRST EDITION OF PART II. 



The matter in this volume is intended as 
supplementary to the Catechism, and needs 
no excuse for its appearance. 

The extreme popularity and rapid sale of 
the Catechism proper warrants the author 
in putting in the same form, additional ma- 
terial of the same general character. 

This volume contains the answers to many 
questions which were asked by engineers 
and steam users, and the answers to which 
do not appear in the Catechism itself. 

It refers in many places to the Catechism, 
and is intended to be used with it. 

Particular attention is paid to compound 
engines, to link motions, to the details of 
various existing types of steam engines, and 
to matters concerning setting up, running, 
adjusting, repairing, and altering particu- 
lar builds of engines. 

There is a probability that another sup. 
plementary volume may be issued in the 
course of a short time. 



PREFACE 
TO THIRD EDITION OF PART II. 



In this edition the reader will find about 
22 pages added, embracing about 70 ques- 
tions and answers, mostly concerning the 
slide valve ; while a number of typographi- 
cal errors (none of them, however, im- 
portant as affecting the sense) have been 
corrected. The Index, covering nineteen 
closely printed pages, will be found to con- 
tain the proper references to the new mat- 
ter just added. 

If there is any question relating to any 
matter concerning any kind of a steam en- 
gine, and which is not answered either in 
Part I. or in this volume, I should be very 
happy to receive it for reply by mail ; and 
such questions and their answers will proba- 
bly be added to future editions or volumes. 

6 Dey St., N. Y., Nov. 1, 1887. 



SUPPLEMENT 

TO THE 

STEAM ENGINE CATECHISM. 



EXPANSION, AO. 

Q. What is the advantage of an adjustable 
oat-off on marine engines ? 

A. There are times where the engineer 
can take advantage of smooth seas and 
favorable winds, and use less steam because 
the work is less. 

Q. Is there any advantage of eaxly oat- 
off on locomotives ? 

A. Mr. H. S. Hayward, Master Mechanic 
of the N. Y. Division of the Penn. B.K, 
says in a paper before the Am. Soc. Mech. 
Eng. : — 

** In my railroad experience I find that a 
great deal of economy has also been realized 
in onr locomotives by encouraging engineers 
to carry their steam np to the highest point 
allowed them, and cutting off their engines 
shorter instead of using the throttle." 



10 QUFPUEUJSST TO THE 

Q. What is the disadvantage of yerj early 
cut-ofif on marine engines ? 

A. Where the cut-off is too early the en- 
gines are apt to race, and the wheel velocity 
to vary greatly. 

Q. How may this be remedied? 

A. This may be remedied in part by mak- 
ing the outer rim of paddle wheels veiy 
heavy. "Nli. H. S. Hayward says, speaking 
of the ferry boat Baltimore, where the cut- 
off is adjustable and at times veiy early : — 
"We turn a very even wheel We have 
constructed the outer ring of our wheel 
very much thicker than heretofore, and the 
boat is more free from the vibrations which 
you find on ferry boats." 

Q. What is the disadvantage of too early 
cut-off on locomotives ? 

A. Wheel slippage, in many cases. 

Q. On vertical engines should the out-off 
be later on the upward or on the downward 
stroke? 

A. On the down stroke. 

Q. How is clearance volume often reck- 
oned? 

A. In parts of the stroke supposed to be 
multiplied by the piston area. Thus, if the 
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piston stroke is 20" and area 200 square 
inches, and the clearance volume at one end 
is 200 cubio inches, then the clearance 
would be reckoned as equal to 200-t-200»1'^ 
of stroka 

Q. Supposing expansion perfect, under 
proper conditions, how may the ''absolute" 
steam pressure in the cylinder, after cut-i)fif, 
be ascertained ? 

A. Supposing expansion perfect, under 
proper conditions, the ''absolute" steam 
pressure in the cylinder, after cut-off, 
should be jtist proportionate to theoylin- 
diical volume bounded by the cylinder head 
at one end and the piston head at the other. 

Assuming for the present that there is 
absolutely no dearanoe space between the 
piston head and the cylinder head when at 
either stroke end, and that cut-off takes 
place at one fourth stroke or 6^ in an engine 
having 24' stroke, the terminal pressure 
above vacuum will be one fourth that at the 
point of cut-off; the pressure (above vaC" 
uum) when the piston has made half a 
stroke, or 12' advance, will be half that at 
the point of cut-off ; when it has made three 
fourths stroke, or 18' advance, it will be one 
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third that at the out-off, and so on. In 
other words, t?ie pressure above vacuum is 
inversely proportioned to the volume the 
steam occupies. 

Q. With cut-off at }, what initial pres- 
sure would be needed to get a mean effect- 
ive pressure of ten (10) lbs., in a non-con- 
densing engine, supposing there to be no 
clearance, cushion, wire drawing, throt- 
tling, leak, cylinder condensation, etc. 

A. The average total pressure required 
would be 10-|-1^7=247 lbs.; the expansion 
rate 4, which has 1.3863 for its hyperbolic 
logarithm; then the total initial pre-^sure 
above vacuum would be 24.7-4-(.25xl + 
1.3863) =24. 7-^(.25 x 2.3863)= 24. 7-^. 59658 
=41.4 lbs.; and the initial pressure by the 
gauge would be 41.4 — 14.7=26.7 lbs. 

Q. Suppose, the foregoing conditions 
to be changed by a back pressure of 2 lbs., 
what initial pressure would be required ? 

A. Then the average total pressure re- 
quired would be 10+2+14.7=26.7 lbs., and 
the initial total pressure 26. 7+. 59658=44. - 
7 lbs.; hence the initial pressure ''by the 
gauge" would be 44.7—14.7=30 lbs. 

Q. At what point in the stroke would 
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{he cat-off have to take place, in the above 
mentioned case, to make the average effect- 
ive pressnre 30 lbs., instead of 10? 

A. As the mean effective pressnre can 
never be greater than the initial gange 
pressnre by the gange in a non-condensing 
engine, and as the desired mean effective 
pressnre is 30 and the initial gange pressnre 
only 26.7 lbs., the engine couldn't do the 
work. 

Q. How could the work be done« then? 

A. By adding a condenser. 

Q. At what point in the stroke would 
the engine have to cut off-to give 30 lbs. 
mean effective pressure, with 26.7 lbs. ini- 
tial pressure by the gauge, using a conden- 
ser? 

A. Depends on the amount of vacuum. 
If the condenser gave a vacuum of only 5 
lbs., then the engine would have to give 25 
lbs. average pressure above atmosphere 
(39.7 lbs. av. total pressure) besides the 
work done by the condenser; and as the in- 
itial pressure is only 26.7 lbs., cnt-off would 
have to be very late. In figures, — as the 
hyperbolic logarithm of the actual expan- 
sion rate is found only by dividing the 
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average total by the initial total preesnze, 
and the quotient by the period of full steam 
plus the clearance, and then taking one 
from the quotient, we have two unknown 
quantities to work with, and the calculation 
will have to be made by approximation, or 
on the **out and try" principle. 

Assume cut-off at ^, (expansion rate 
1.111, the hyperbolic logarithm of which is 
0.1044) we find that to give us an average 
total pressure, (with 41.4 initial total), of 
41.4(0.9x1.1044)= 
41.4 X. 99396=41.14 lbs., 
which is too much. 

Trying cut-off at ^o (expansion rate 1.25, 
with hyperbolic logarithm .2231) we have 
that giving an average total pressure (with 
41.4 initial) of 

41.4(0.8x1.2231)= 
41.4 X. 97848=40.5 
Trying cut-off at -^ (actual expansion 
rate about 1.43, with hyperboUo logarithm 
0.3577); that would give, with initial total of 
41.4 lbs., 

41.4(0.7x1.3577)= 
41.4 X .95039=39.35 lbs., 
which is less than the 39.7 which we want; 
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so we know that the ont-off required for 6 
lbs. yacatim will be between 0.7 and 0.8 
stroke. 

For other amonnts of Taontim the princi- 
ple is the same. 

Q. How is the work of the steam dnring 
admission (inoluding oyerooming atmos- 
pheric and other oonnter pressure) reck- 
oned? 

A. By multiplying the total pressure on 
the piston by the period of admission. 

Q. How is the volume of steam admitted 
or used during the ''full steam" period, 
measured ? 

A. It is equal to the product of the piston 
area by the period of admission plus the 
clearance. 

Thus, if there is 2^ of clearance and ont- 
off takes place at 5^ of stroke, and the pis- 
ton area is 260 square inches, the volume of 
steam is 260X(2+5)=260X7=1820 cubic 
inches. 

Q. How do you calculate the total work 
done during expansion to the end of the 
stroke? 

A. Multiply the total pressure above 
vacuum on the piston area by the period of 
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admission plus the clearanoe, and by the 
hyperbolic logarithm of the aotoal expan- 
sion rate. (This includes the work done in 
oyercoming all connter pressure above 
vacunm.) 

Q. How do you find the initial pressure 
required for a given net quantity of work 
in one stroke ? 

A. To the net work expressed in foot 
pounds, add the continuous product of the 
piston area in square inches, the average 
back pressure in lbs. per square inch for the 
whole stroke, and the length of stroke 
in feet ; divide the sum of these quantities 
by the piston area in square inches, and by 
a number got thus : — ^Add one to the hyper- 
bolic logarithm of the actual expansion 
rate ; multiply the sum by the period of ad- 
mission plus the clearance (both in feet) ; 
and take the clearance in feet from the 
product. 

As a formula : — 

W + ap'L 
P = 

a [ Z' (1 X h y p. 1 o g BO— <?] 
Thus : — Suppose the given net work per 
single stroke to be 2,000 foot pounds; the 



Stsam Engine Catechism. 17 

piston area 260 square inches ; the average 
back pressure one pound per square inch by 
the gauge; the stroke 2' ; cut-off at | stroke, 
and clearance equal to 0.1 of stroke ; then 
"we have — 

2,000-f(260xl5.7x2) = 10,164 ft. lbs ; 10,- 
164-4-260 = 39.09 ; the actual expansion rate 
2.1-^l.l=nearly 1.91, the hyperbolic loga- 
rithm of which is . 6472; (1.1X1. 6471)— 0. 1= 
1.7118 ; 39.09-^1.7118 =23.83 lbs. absolute; 
23.83—14.7 = 9.13 lbs. by the gauge. 

(The engine would develop at 110 revolu- 
tions per minute 2,000X110X2 = 440,000 
ft. lbs., or 440,000-5-33,000 -^ 13.3 H. P.) 

Q. How do you find the net work done 
by the steam for one stroke of the piston, 
with a given cut-off? 

A. Find the actual expansion rate. .G«t 
its hyperbolic logarithm and add one thereto. 
Multiply the sum by the period of admis- 
sion plus the clearance (in feet). From the 
product take the clearance. Multiply the 
remainder by the total initial pressure in 
lbs. per square inch. This gives the total 
work done, in foot pounds per square inch, 
on the piston. To get the negative work 
per square inch of back pressure in foot 
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ponndfl per square inch, multiply the average 
back pressure in pounds per square inch by 
the length of stroke in feet. Take the pro- 
duct from the total work per square inch, 
and this will give the net work per square 
inch. Multiply the remainder by the piston- 
area; this gives the net foot pounds for one 
stroke. 

Q. How do you find the period of ad- 
mission required for a given actual expan- 
sion ratio? 

A. Multiply the clearance proportion by 
one less than the actual expansion ratio ; 
take this from one; divide by the actual 
expansion ratio. 

Thus: — ^Suppose 2' stroke, actual expan- 
sion rate 3.5 ; clearance five per cent ; then 
the period of admission is 

1«[(3.5_1)X.05] 1— .125 

= =.25 stroke, 

3.5 3.5 

(or cut oflT at six inches). 

Q. How do you find the pressure at 
stroke end, or at any other point in the 
stroke after expansion, of steam expanded 
in the cylinder? 

A. Divide the initial pressure above 
vacuum by the actual ratio of expansion 
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calculated to the £p.vejx point of the 
stroke. 

Or, multiply the initial pressure by the 
period of admission pins the clearance, and 
divide the product by the length of the part 
of stroke described up to the given point, 
plus the clearance. 

Thus: — Suppose initial pressure sixty lbs. 
by the gauge, clearance five per cent, cut- 
off at one-fourth, required the pressure at 
} stroke. The expansion rate up to three- 
fourths stroke is (.75-|-.05)-5-(.25+.05)= 
.80-^.30=2.667 and (6(H-14. 7) -^2. 667=74. - 
7-&-2. 667=28 lbs. absolute, or 28—14.7= 
13.3 lbs. by the gauge. 

74.7X(.25+.05) 74.7 x. 30 

Or, = =28 lbs. 

.75+.05 .80 

above vacuum, or 13.3 lbs. by the gauge. . 

Q. How do you find the net cylinder 
capacity for a given quantity of steam ad- 
mitted for one stroke - and a given actual 
expansion rate? 

A. Multiply the volume of one lb. of 
steam at the given pressure (as found in a 
reliable table) by the given weight in pounds 
and by the actual expansion rate. Multiply 
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the result by 100 and divide by 100 pins the 
clearance percentage. 

Thus: — Suppose we want to expand five 
lbs. of steam at 100 lbs. per square inch 
above vacuum at an actual expansion rate 
of 3.5, in a cylinder where clearance is B%, 

The volume of one lb. of steam at 100 
lbs. absolute, is 4.33 cubic feet. Thus the 
net capacity is 

5x4.33x3.5x100 

=72.167 

1.05 

cubic feet, or, say a cylinder of about 4 
stroke and eighteen square feet of piston 
area, or having a diameter of about 4.8' = 
57.6^ 

Q. How do you find the net cylinder ca- 
pacity required to do a certain amount of 
total actual work in one stroke, with a given 
initial pressure and actual expansion 
ratio? 

A. Divide the given work by the total ac- 
tual work done by one lb. of steam of the same 
pressure asd with the same actual expansion 
rate; this gives the weight of steam re- 
quired, and from that con be found by a 
preceding rule the net capacity. 
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Q. How do yon find the weight of steam 
admitted per cnbio foot of the net cylinder 
oapaoity, for one stroke ? 

A. Divide 1 by the cylinder capacity per 
pound of steam. 

Q. How do yon determine the total actual 
work done per cubic foot of net capacity, 
for one stroke ? 

A. DiTide 1 by the cylinder capacity per 
foot pound of work dona 

Q. How do you find the total actual work 
done per square inch of piston ? 

A. The total amount of actual work done 
per square inch of piston is yIx V^^ ^^ 
the work done per square foot. (See above.) 

Q. What are the causes of differences be- 
tween boiler and initial cylinder pressure ? 

A. The causes, commencing at the boiler, 
are friction in the steam pipe, resistance of 
the regulating throttle valve, resistance in 
the ports and passages, and disappearance 
of actual energy when the steam passing 
from the small area of the ports into the 
larger area of the cylinder, has its speed 
reduced. 

Q. How does back pressure by the gauge 
vary? 
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A. Back presBore by the gauge yaries in 
non-condenaing stationary engines and in 
locomotives nearly 

As the square of the speed. 

As the pressure of the steam at the instant 
of release (commencement of exhaust). 

Inversely as the square of tiie area of the 
orifice of the exhaust nozzle. 

It is less with high expansion rates than 
-with low ; and less with slow exhaust than 
rapid ; less with dry than with wet steam, 
hence greater in unprotected than in well- 
covered cyhnders (the proportion being 1.72 
to 1 in observed cases). 

It may be said for all engines, condensing 
or non-condensing, that *'in the same en- 
gine, going at the same speed, the excess of 
the mean back pressure above the pressure 
of condensation, varies nearly as the density 
of the steam at the end of the expansion ; 
and that in the same engine, with the same 
density of steam at the end of the forward 
stroke, that excess of back pressure varies 
nearly as the square of the speed.'' 

Q. "Why does not the exhaust steam 
show a difference of temperature corres- 
ponding to the difference of power to be 
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obtained from steam at boiler presstire and 
exhaust steam ?" 

[The foregoing question was asked us in 
FowEB, and was answered as follows : — ] 

A. The relation between the pressure on 
steam and its temperature is in a varying 
ratio, and the variation of this ratio is of a 
complioated character. The pressure of 
steam increases with the temperature, but 
the rate of increase of temperature in- 
creases as the pressure rises. Thus at 212° 
F. the pressure above vacuum is 14. 7 lbs. 
per square inch, and at 213^ the pressure 
rises 0.29 lbs. ; at 247^ the pressure above 
vacuum is 28.34 lbs. per square inch ; and 
at 248'' it has risen about \ lb. At 432^ 
the pressure is 35Q.73 and the rise in pres- 
sure per de^eeof temperature is 3.64 lbs., 
or about fourteen times as much rise of 
pressure per degree, as at atmospheric- 
pressure. This relation between tempera- 
ture and pressure is the same so long as the 
steam is in communication with unevapor- 
ated water. 

THE SlilDB VAIiVIL 

Q. What is a rule of thumb for lap of 
slide valve to cut off at two-thirds ? 
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A« To cnt off at two-thirds a well pro- 
portioned yalye may have lap equal to one- 
fonrth the stroke. (CJhas. E. Emtry.) 

Q. What is the rule of thumb for inside 
lap of condensing engines? 

A. One-half the outside lap. 

Q. Which will stand the most inside lap, 
a condensing or a non-condensing engine? 

A. The condensing engine. 

Q. How may the evils of over cushion 
from excessive inside lap, generally be 
remedied in part? 

A. By giving the valve more lead, so 
that the final compression is against the 
steam in the ohest and not against the valve 
face. 

Q. How should a sHde vaJve be set so as 
to equalize the exhaust? 

A. Put the crank on the front centre 
and mark coinciding centre-punch marks 
on cross-head and guida Put the crank 
on the back centre, and centre-punch the 
guide again, to correspond with the oross- 
headmark. Move the eccentric until the 
valve has the lead for the forward stroke. 
Move the crank, in the direction the engine 
is to run, until the exhaust of the opposite 
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stroke closes; scribe a line on the guide to 
correspond with the cross-head mark; move 
the crank on until the other exhaust closes; 
scribe on the guide to correspond "with the 
cross-head mark. If then the exhaust does 
not close at equal distances from the stroke 
ends, alter the length of the eccentric rod 
until it does; then bring the crank back to 
the dead centre, and shift the eccentric 
until the forward stroke has the required 
lead. 

Q. How may you tell where the valve is 
at the time of closure, without opening the 
chest? 

A. By a valve gauge of stout wire rod of 
this shape, 

( 1 

fitting centre punch-marks on the valve stem 
and on the stuffing-box (not on the gland). 

Q. How can you tell when the valve 
has got lead, without opening the chest, if 
there are no punch marks to go by? 

A. Put the crank on the centre, open 
the drip cook at that end, and then turn the 
eccentric ahead until steam shows at the 
drip cock* 
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Q. How do you find the ooireot length 
of the eccentric rod? 

A. Mark the centre lines of cylinder, 
valve, rocker and main shaft. Pat the 
crank on the back centre, and the valve so 
that the required lead is given for the for- 
ward stroke. Find the position of the 
eccentric caitre by laying off the angular 
advance from the 90° line. Measure from 
this centre to the rocker pin (or to the valve 
stem pin if there is no rocker) for correct 
length of eccentric rod. 

Q. If the lead opening is measured cor- 
rectly for the forward stroke, will it be cor- 
rect for the return stroke, if the eccentric rod 
length is measured as above directed? 

A. Yes; because the opening is measured 
while the crank is on the central line — Whence 
there is no irregularity of piston position ow- 
ing to the angularity of the connecting rod. 

Q. Is equalization of exhaust closure 
always possible? 

A. Yes; because there may be added a 
slight amount of inside lap to whichever 
end of the valve needs it, so as to hasten ex- 
haust closure on one stroke and delay it on 
the other. 
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Q. In equalizing cnt-off shonld equaliza- 
tion of ezlianst closnre be considered, also? 

A. No; because the only practical 
method for equalizing cut-off also equalizes 
the exhaust well enough. 

Q. On what does the expediency of 
equalizing cut-off depend ? 

A. Upon that of giving unequal lead. 

Q. Where is unequal lead disadvanta- 
geous? 

A. For high speed engines. 

Q. What alterations in the valve motion 
are requisite, in order to equalize cut-off? 

A. Increase in angular advance, and 
lengthening the eccentric rod. 

Q. In what class of engines is the steam 
pressure in the two ends more apt to differ; 
in vertical or in horizontal? 

A. In vertical engines. 

Q. Which end of a vertical engine 
generally gets the highest average pressure? 

A. The lower. 

Q. To reverse an engine having a single 
eccentric, what is necessary? 

A. To turn the eccentric so that its cen- 
tre line shall come on the other side of the 
centre line of the engine. 
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Q. In order to keep the lead opening and 
the lap the same for different positions of 
the eccentric for a reversing engine, what is 
necessary? 

A. That the eccentric be slotted so that 
its centre can pass across the centre line of 
the engine in a direct straight Hne, instead of 
in an arc, as where the eccentric is simply 
turned on the shaft. 

Q. How does the position of an adjnsta^ 
ble eccentric for a reversing engine affect 
the out-off ? 

A. The neares mid-gear the earlier the 
cut-off, whether the eccentric centre be 
moved along a straight line (as where the 
eccentric is slotted) or in an arc, (as where 
it is simply turned on the shaft.) 

Q. How does the position of the eccen- 
tric of a reversing engine affect the exhaust? 

A. The nearer mid-gear the earlier the 
exhaust, whether the eccentric centre move 
in a straight line or in an arc. 

Q. How does the position of the eccen- 
tric centre in a reversing engine affect the 
lead angle and the angular advance? 

A. The nearer mid-gear, the greater the 
lead angle and angular advance, whether 
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the eccentric centre be moved in a straight 
line or in an arc. 

Q. What is the lead opening at mid- 
gear? 

A. At mid-gear the lead opening of the 
valve equals the port opening. 

Q. What is the cut-off angle at mid- 
gear? 

A. At mid-gear the cut-off angle equals 
the lead angle of the valve. 

Q. How should valve lead be stated or 
reckoned? 

A. Lead should be stated in degrees 
rather than in inches of either valve travel 
or piston motion. 

Q. How should steam ports be propor- 
tioned? 

A. After you have settled the throw of 
the eccentric, the angle of advance or angu- 
lar lead, and the steam port width EFz=.K 
Z, we might say as a general rule that the 
bridges FG^ HK^ should be wider than the 
distance at which the outer edge A, of the 
valve, at its greatest distance from the cen- 
tral position, stands beyond the inner edge 
^of the admission port; otherwise the valve 
would blow through. The sum of the two 
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laps AE and JBF, pins the port -widtii j^f, 
must be greater than half the valve tairel; 
hence the bridge-width EFiao^ be greater 
than halt the valTe travel, leas the sum of 
AEbhABF. Yommghtaajthftttliebridge- 
-width FQ Bhovdd be eqnol to half the atetun 
port -width FF plus ^j" io-ff"; and the 
exhanet port OH, equal to half the valve 



travel plus the ateam port -width EF, pins 
the inaide lap BF, less the bridge-width 
FO. 

Q. In deeigning an Allen valve for an 
old aeat, what is generally agood thing to do? 

A. To widea the end porta in tie seat by 
chamfering off the oatside edges. 

Q. What prefiatition must be taken in 
designing an Allen valve for an old seat? 
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A. Not to let the Bnpplementary passage 
in the valve get over the end port in the seat. 

Q. Will the Allen valve save fuel? 

A. Sinclair says, ** In very carefully 
conducted experiments made on the Bos- 
ton and Albany B. B., to compare the per- 
formance of the Allen valve with an engine 
equipped "with a common valve, it "was 
found that the Allen valve effected a fuel 
saving of seven x>er cent." 

Q. What difference should there be 
made in the seats in designing an Allen 
valve and an ordinary slide? 

A. For the Allen, the steam ports and 
bridges should be a trifle -wider than for the 
ordinary slide. 

Q. What special care should be taken in 
casting an Allen valve? 

A. To get the supplementary passage 
smooth inside, and the thin shell strong 
enough to stand the pressure. 

Q. When is the speed of a slide valve 
highest? 

'A. The speed of a slide valve is greatest 
at mid-throw. 

Q. How is the D valve kept to its seat? 

A. The D valve is kept to its seat by the 
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excess of the boiler pressure over that below 
the valve. The trouble is that it is too 
strongly held to its seat, causing undue 
friction, with its accompanying abrasion, 
and loss of power. 

Q. What is one disadvantage of most 
balanced slide valves? 

A. They do not lift if there is water in 
the cylinder. 

Q. "What is Tipping's balanced slide 
valve? 




A. In this valve the steam is admitted at 
A inside the slide valve Sy and is exhausted 
through the steam chest C; the valve S is 
open through, j5 is a back plate resting 
thereon nearly in equilibrium, J^ is a dia- 
phragm plate, jPare nuts, tightening which 
will relieve the pressure on the valve, (? is a 
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spiral spring, the compression of which will 
add pressure in adjusting the valye. This 
arrangement a£Ebrds a light, handy, and 
simple device, which we understand works 
very well, and may be constructed either 
rectangular or circular in shape and to any 
size, and for either single or double ports. 
In the cut the valve stem is not carried 
through the cover. 

YAIiVE MOnOKS. 

Q. How may valve motions be classi. 
fied? 

A. Yalve motions may best be divided 
into those with fixed, and those with variable 
Gut-ofiGs; and the latter may have the cut- 
off variable either only while the engme is 
stationary, or while it is running. The 
latter, again, may be affected either ''by 
hand" only, or "automatically." (This 
last is a point neglected by Zeuner in his 
celebrated standard treatise on valve- 
gears.) 

Q. What is the Dodd motion? 

A. The Dodd motion (1839) moves the 
eccentric centre directly ascross its shaft 
by two wedges with reversed points. It 
was improved by Dubs of Glasgow. 
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Q. What are the objections to the Dodd 
wedge motion? 

A. It cannot be corrected for inequali- 
ties of cut-off and exhaust closure without 
introducing pernicious inequality of x>ort 
opening at mid-gear. 

Q. What is the link operated by two 
fixed eccentrics intended to imitate, in its 
effects? 

A. A single movable eccentria 

Q. When and by whom were two 
fixed eccentrics first used for reversible 
gear? 

A. In 1829, by Wm. T. James of New 
York, on a steam carriage. 

Q. How many classes of link motions are 
there? 

A. Four— 

1. Shifting link. 

2. Stationary link. 

3. Allan. 

4t. Wal^ifiihaert 

Q. Who invented the so called Stephen- 
son shifting link, and when? 

A. Howe, in 1843. 

Q. Who invented the stationary link, and 
when? 
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A. Daniel Gooch, about 1845. 

Q. Who inyented the so-called Walschaert 
motion? 

A. Hensinger yon Waldegg. 

Q, What are the advantages of the link 
and two fixed eccentrics oyer a single shift- 
able eccentric? 

A. It can be adjusted for irregularities 
in cut-off and exhaust closure due to the 
angularity of the connecting rod. 

Q. How can the link be suspended so as 
to equalize the cut-off? 

A. So as to giye it, on the forward 
stroke of a direct acting engine^ moreeleva* 
tion, BO as to neutralize the tendency of the 
connecting rod and to cause later cut-off on 
the forward stroke. 

Q. What is the disadvantage of suspen« 
sion so as to equalize the cut-off? 

A. There is caused a certain amount of 
reciprocating slip of the link on the block 
at each revolution, causing lost motion and 
wear. 

Q. In marine engines which is the more 
important— equalization of the cut-off or re« 
duction of slip? 

A. Beduction of slip. 
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Q. Where is slip least? 

A. Slip is the least when the link block 
is nearest the point of suspension. 

Q. What does this indicate? 

A. That where you need a minimnm slip 
at a certain point of suspension, the saddle 
stud should be placed as nearly as possible 
over such point. 

Q. With a stationary link, does the lead 
change with changes in gear position? 

A. No. 

Q. Are there any shifting link motions 
in which the lead remains the same at all 
gears in both directions? 

A. No, but many shifting link motions 
can be arranged so as to give constant lead 
for all gears in one direction. 

Q. Where must the tumbling shaft be 
placed? 

A. Either above or below the central 
line of motion, so that either eccentric rod 
shall strike it when the gear is shifted from 
full forward to full backward gear. 

Q. Should the eccentric rod be curved? 

A. No. 

Q. What should be the hanger length? 

A. The hanger should be long enough 
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not to conflict with the tumbling shaft ann 
in any gear. The latter should be as long 
as, or longer than the hanger. 

Q. Suppose the boiler or other obstacle 
prevents the link being put in full gear 
back, what must be done? 

A. Either the tumbling shaft must be 
put below the link motion or the rocker arm 
lengthened so as to depress the central Ime 
of the motion and the whole motion. In 
this case the rocker arm centre should be at 
an inclination so that the one driving the 
valve stem should be at right angles thereto, 
and the other one at right angles to the cen- 
tral line of motion. 

Q. What is the influence of looker arm 
length on the valve stem? 

A. The longer the rocker arm, the less 
the vibration of the valve stem. 

Q. How is the slip of the link-block af- 
fected by the rocker-arm length? 

-A. The longer the rocker-arm the less 
the slip of the Hnk-block. 

Q. Can the link motion be laid out at -an 
inclination to the piston motion without 
affecting the link action? 

A. Yes; so that the angular advance of 
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the eccentric is laid off from a line at ri^ht 
angles to the central line of the link motion. 

Q. With "open" or **nncro8sed'* loco- 
motive eccentric rods, how are the rods to 
be attached? 

A. The "forward" rod "with the top and 
the "backward" rod with the bottom of the 
link. 

Q. With "crossed" eccentric rod on a 
locomotive, how should the eccentric rods 
be attached? 

A. The "forward" rod to the bottom 
and the "backward" rod to the top of the 
link. 

Q. How might the inequality of com- 
pression due to the eccentric rod obliquity 
be overcome? 

A. The compression might be equalized 
by varying the inside lap of one end. 

Q. When the valve has equal lap on both 
sides how may the cut-off be equalized? 

A. Where the lap is equal oh both sides 
the cut-off may be equalized by lengthening 
the valve stem, which has the same effect as 
lengthening the laps for the forward valve** 
stroke, and vice verad, 

Q. How can the inequality of the out- 
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off whiol^ would be oansed hj eooentrio rod 
obliquity, be neatzalized? 

A. Unequal cut-off by reason of eccen- 
tric rod obliquity may be neutralized by 
giving the Yalve different steam lap on the 
two ends; but this would giye unequal steam 
lead. 

Q. How can the effect of the obliquity 
of the eccentric rod be neutralized? 

A. The effect of the obliquity of the ec- 
centric rod can be neutralized by lengthen- 
ing the yalve stem, so as to cause the great- 
est port opening at fore-stroke to be rather 
less than on the return; setting the valve 
'<by the lead,'* that is, with the eccentric 
rod in its inclined x>osition. 

Q. When does the obliquity of the con* 
nectingrod most affect the position of the 
piston? 

A. The obliquity of the connecting rod 
affects the position of the piston most when 
the crank is at right angles. 

Q. At mid-gear what is the angular ad- 
vance of the valve? 

A; Ninety degrees (90*^) of arc. 

Q. At mid-gear where does the exhaust 
close? 
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A. At mid-gear it closes at half stroke. 

Q. Under what circumstances is steam 
not admitted to the cylinder for either 
stroke, at mid-gear? 

A. When the port opening is at mid 
gear. (Then the lead opening is and the 
lead angle 90°.) 

Q. Is port opening reduced or increased 
towards mid-gear? 

A. Decreased. 

Q. Does the lead angle increase or de- 
crease from full gear to mid-gear? 

A. It increases, whether the lead opening 
remains constant or varies. 

Q. With the Stephenson link motion 
and uncrossed eccentric rods, where is the 
lead least? 

A. With the Stephenson link motion and 
uncrossed eccentric rods, the lead is least 
at full stroke. 

Q. With the Stephenson link motion 
and uncrossed eccentric rods, where is the 
port opening least? 

A. At mid-gear. 

Q. With a << crossed rod"link motion, 
where is the lead least? 

A« At mid-gear* 
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Q. Witii a "crossed rod " link motion, 
is tlie port opening less or greater at inter- 
mediate gear, than with the uncrossed rods? 

A. Less than with the uncrossed rods. 

Q. What should be the length of the 
link? 

A. The link slot may have an available 
length of six times the throw of the eccen- 
trics. 

Q. What causes afTect the variation of 
the lead at difiEerent grades with Stephenson 
link motion? 

A. The variation of the lead at difierent 
grades, witii the Stephenson link motion, 
is greatest with short eccentric rods and 
with long links. 

Q. When a loose eccentric has lead, how 
far apart are its positions of forward and 
backward -gear? 

A. When a loose eccentric has lead, its 
positions of forward and backward gear 
have an angular distance equal to 180^ less 
twice the angle of lead. 

Q. When a loose eccentric has no lead, 
how far apart are its positions of forward 
and backward gear? 

A« When a loose eccentric has no lead, 
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its forward and backward gear positions are 
180** apart. 

Q. Wliat is the Marshall gear? 

A. In the Marshall gear, the eccentrio 
rod bears or constitutes a link, its free end 
traveling in a slot in a disc which may be 
changed in its position. The valve stem is 
drawn at right angles to the centre line of 
the eccentric rod or link, 

Q. "What is the Joy gear? 

A. The Joy gear drives from the con- 
necting rod, using no eccentric. We give 
illustrationfl of three different designs of 
this gear. 

Q. What is the Brown gear? 

A. The gear of Chas. Brown of Winter- 
thur, dispenses with ^the eccentric, and the 
link is attached to the connecting rod. 

THE GOMFOUNI) ENGINE. 

Q. What is a compound engine? 

A. A compound engine is one in which, 
instead of the steam completing its expan- 
sion in the same cylinder in which it receives 
it from the boiler, it is only partly expanded 
in that cylinder, md the expansionis con* 
tinned or completed in one or more cylin- 
ders (called low pressure cylinders) which 
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receiye the exhaust of the first (or high 
pressure) cylinder. Sometimes one high 
pressure serves equally two low pressure 
cylinders in which the expansion com- 
menced in the first is continued to an equal 
degree one with the other. Sometimes the 
expansion beg^un in one cylinder is contin- 
ued in the second and completed in a third. 

Q. For a compound condensing engine 
to exert the same power as a single cyl- 
inder condensing engine with the same 
number of expansions in each case, what 
would have to be the diameter of the con- 
densing or low pressure cylinder of the 
compound engine? 

A. Equal to that of the single condens- 
ing cylinder. 

Q. Then, if the power could be got from 
one cylinder with the steam expanded a 
certain number of times, would it pay to 
make the more expensiye compound engine 
with two cylinders to expand the same 
number of times? 

A. No. 

Q* Where then has the compound con- 
densing engine any advantage oyer the 
single cylinder condensing engine? 
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A. The steam at high temperature 
and pressure entering the high pressure 
cylinder of a compound engine is not 
chilled by the low t6mx)erature of the cyl- 
inder due to the low terminal pressure; also 
the thrusts of the compound cylinders on 
the crank pins and crank shaft are more uni- 
formly distributed around the axis than 
where there is but one cylinder. 

Q. Who invented the principle of the 
compound engine, and when? 

A« Jonathan Homblower patented it in 
1781, but could not apply it because Watt*s 
patents were in existence. 

Q. Who first applied the principle of the 
compound engine, and when? 

A. Arthur Woolf patented in 1804 the 
earliest compound engine in which the 
pnnciple was practic^y carried out. 

Q. in Woolf s early engines, how were 
the cylinders placed? 

A. Both cylinders were at one end of a 
working beam; the condensing cylinder at 
the outer end, and the high pressure cyl- 
inder closer up, with less stroke. 

Q. What was the principal objection to 
this Woolf engine? 



48 SttffiiEmbnt to thb 

A. All the power was applied on one 
side of the centre of the beam. 

Q. How and when wafi this i&vlt first 
remedied, and by whom? 

A. By Wm. McNaught, in 1845, patting 
the condensing cylinder at one end of the 
beam and the high pressure cylinder be- 
tween the main centre and the crank. 

Q. What is another good arrangement 
of a Woolf engine? 

A. By making the cylinders horizontal 
and side by side, secured to a single bed 
plate; both piston rods haying one cross- 
head in common, one connecting rod tak- 
ing the whole power to the crank. 

The firs t column=P=initial pressure of the 
steam above a perfect vacuum on entering 
small cylinder; the second = E = /HF"' 

shows the relative areas of the two cylin- 
ders, and also the number of expansions in 
high-pressure cylinder ; the third column, 
=P=the terminal pressure in high-pressure 
cylinder, gives the pressure at beginning of 
stroke in condensing cylinder ; the fourth 
column, =:H, contains the hyperbolic log- 
arithms of E; the fifth, =S, gives the 
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average pressure diiriiig a stroke in a single 
cylinder, for the different values of B and 

1+H 

= P ; tlie sixth column, =p', gives the 

B 

average pressure during a stroke in the con- 
densing cylinder of a compound engine, 

H 

and=P' and the last column, p, gives 

E— 1 

ihe average pressure during a stroke in the 

1+H H. 

high-pressure cylinder P= V 

B B— 1 

Now, as the power to be given out by 
both cylinders is to be the same, the power 
that is required to be given out by A= 

95 60 

=47.5 H. P., and as V — = 3.464, t 

2 5 

X3.464=17.32=P', and from the above 

H 

formula we get jp' = 17.32 =8.74 lbs. 

B-1 

average pressure per square inch on piston. 
So that we can now get what area of piston 
is required to give out this power by 
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47.5X33.000 



= 450 = 24^ diameter; 



400 X 8.74 

and as the area of the two pistons are to 
each other as 1 to 3.464, we get the area of 
small piston = 130 square inches = 13^^ 
diameter. 

Q. How many principal forms of com- 
pound engine are there? 

A. Two; one where the exhaust from 
the first cylinder goes direct into the 
second (Woolf type), and one where there 
is an intermediate receiver. 

Q. How many kinds of piston move- 
ments are possible in receiver compound 
engines? 

A. Three— 

1. Entire independence. 

2. Equal number of strokes per minute, 
with initial points in certain relation, and 

3. Further limited by periods of tanyrng 
(as in the Worthington pump). 

Q. How do the pistons move in the 
Woolf type? 

A. Together. The steam from the top 
of the first cylinder exhausts into the 
bottom of the second, and vice verad. 
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Q. How do tlie pistons of a receiver 
engine move? 

A. In a receiver engine, the pistons are 
connected to cranks on one shaft, at right 
angles to each other. 

Q. Comparing the Woolf and the re- 
ceiver types of compound engine, which is 
the more economical of steam? 

A. When there is no clearance and no 
intermediate fall of pressure, there is no 
difference in the steam economy of the 
Woolf and the receiver types, but when 
there is an intermediate fall of pressure, 
the work done on the receiver system is 
greater than by the Woolf type. 

Q. In a compound engine, how is the 
actual rate of expansion in the first cyl- 
inder, found? 

A. To find the actual rate of expansion 
in the first cylinder, divide the period of 
admission plus the clearance, into the 
length of stroke plus the clearance. Thus, 
suppose cut-oft at \ and clearances at one 
end equal to ^ the piston displacement, 
then the actual expansion rate would be, 
(just as in an ordinary non-compound 
engine,) 
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1.05-j-0.25=4.2. 

L' 
As a formula, jB'= — 

V 

Q. How do yon find the ratio of inter- 
mediate expansion in a compound engine 
(receiver type)? 

A. The ratio of intermediate expansion 
inay be got from the pressure before and 
after expansion. Thus, if the fall of pres- 
sure "was from 20 lbs. {abBolute) in the first 
cylinder, to 15 lbs.. in the second, the ratio 
wonld be 20-^15=1.833. 

Q. Does the volnme of the receiver give 
any evidence as to the expansion between 
the first and the second cylinders^ 

A. No. 

Q. How may we determine the rate of 
ntermediate expansion between first and 
second cylinders, in a Woolf engine? 

A. Either by the method necessary in 
the case of a receiver engine, or from Jbhe 
volume of the intermediate space. 

Q. How do you find the ratio of expitn- 
sion in the second cylinder in a Woolf 
engine? 

A. Find the ratio of the capacity of the 
first cylinder, plus its clearance, plus the 
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intermediate space, to the capacity of tlie 
second cylinder plus the intermediate space, 
(taking this last to indade the clearance of 
the second cylinder). 

Q. Is the ratio of expansion in the 
second cylinder of a receiver engine af- 
fected by clearance ? 

A, No. 

Q. How do yon find the actual expan- 
sion rate in the second cylinder of a receiver 
engine? 

A. Where there is no intermediate fall 
of pressure, the actual expansion rate in the 
second cylinderis the ratio of. the cylinder 
volumes. Where there is an intermediate 
fall of pressure, the ratio of actual expan- 
sion in the second cylinder is reduced* 
Thus, if the cylinder ratio is 3, and the 
ratio of the intermediate fall to the final 
pressure in the first cylinder is 4, then 
the actual expansion rate in the second cyl- 
inder will be (4—1) X 3-7-4=2.25. 

Q. How do you find the total actual ex- 
pansion rate for a Woolf engine? 

A. Multiply the ratio of the first to the 
second cylinder by the length of stroke, 
and divide by this length plus the clear- 
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aiice ; add to the quotient the ratio-valae of 
the intermediate space; multiply this sum 
by the actual ratio of expansion in the first 
cylinder. Thus, buppose out-off in the first 
cylinder at \; clearance ^ ; cylinder ratio 4; 
ratio value of the intermediate space i. 
Then the actual expansion rate in the first 
cylinder will be 1.05-7-0.25=4.2. The modi- 
fied rate of the cylinders is 4 x T.Vy=3.809 ; 
and3.809+.333=4.142. Finally, 4.2x4.142 
=17.396=total actual ratio of expansion. 

Q. How do you find the combined ac- 
tual ratio of expansion behind the pistons, 
in the Woolf engine? 

A. Multiply the actual ratio of expan- 
sion in the first cylinder by the ratio of ex- 
pansion in the second cylinder. Or divide 
the product representing the total actual 
ratio of expansion by the ratio-value of the 
intermediate space, plus one. Thus, if the 
total actual ratio of expansion is 17.396, and 
the ratio-value of the intermediate space is 
i, then 17.396-5-1.333=13.05, the combined 
actual ratio of expansion behind the pistons 
(in a Woolf engine.) 

Q. How do you find the total actual ex- 
pansion-ratio in a receiver engine ? 
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A. Multiply the ratio of the first and 
second cylinder yolnmeB by the actual ex- 
pansion rate in the first cylinder. This 
gives the total aotnal expansion rate in a 
receiver engine. 

Q. How do yon find the combined actual 
ratios of expansion behind the pistons of a 
receiver engine? 

A. Multiply the actual expansion rate in 
the first cylinder by the expansion rate in 
second cylinder. That is, multiply the 
ratio of the first and second cylinder vol- 
umes by the actual ratio of expansion in the 
first cylinder and by one less than the ratio 
of the intermediate fall of pressure to the 
final pressure in the first cylinder. 

Q. How do you find the net work done 
in the two cylinders of Woolf engines, for 
one stroke, with a given combined actual 
ratio of expansion? 

A. Add one to the hyperbolic logarithm* 
of the given combined actual ratio of expan- 
sion ; multiply the sum by the period of 
admission to the first cylinder, in feet, plus 
the clearance, expressed in feet, of stroke; 
from the product subtract the clearance; 

* See table of hyperbolic logarithms, p. 141 of Part L 
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multiply the remamder by the net piston 
area of the first piston in square inches, and 
by the initial cylinder pressure in lbs. per 
square inch. This gives the net work in 
foot lbs. j»er stroke. 

Thus : — suppose the net area of the first 
piston, 500 square inches ; of the second, 
1,500; initial pressure, 63 lbs. {abaolutey, 
cut ofiT at 2' of the stroke, of 6' clearance 
volume at one end, equal to 1%, 

The actual ratio of expansion in the first 
cylinder is 6.42-7-2«42=:2.653. The ratio of 
intermediate expansion we assume as 1.333. 
The actual expansion rate in the second cyl- 
inder is equal to the ratio of the capacity of 
the first cylinder plus its clearance plus the 
intermediate space, to the capacity of the 
second cylinder plus the intermediate space; 
this last including the clearance of the 
second cylinder ; or 

6 , 

( 3x )+.833-&- 1.333=2.363. 

^ 6.42^^ 

The modified ratio of the cylinders is 
X 5-^6.12=2.804; and 2.804 +.333=3. 137, 
which multiplied by 2.653=8.322, the total 
actual ratio of expansion. The combined 
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ratio of expaoBion behind the piatonBis 
8.322-^1.33^=6.242, the hyperbolic loga- 
rithm of which, as found in the proper table, 
id 1.8310. 

Then the net work in foot lbs., dnring 
one Edngle stroke, is (1+1. 8310) =2. 8310; 
2.8310X2.42=6.851 ; 6.851—0.42=6.431 ; 
6.431X63X500=202,576.5 foot lbs. 

As a formula : — 

w=aF[lXl -{-hyp. log. E^)^c] 

Q. How do you calculatv- the net work 
done m the two -flinders of a receiver en- 
gine for one stroke, with a given actual 
ratio of expansion in the first cylinder? 

A. Multiply the first cylinder's aotoal 
expansion rate by the cylinder ratio ; and 
to the compound ratio of the two cylinders 
add one; multiply the sum by the initial 
period of admission into the first cylinder, 
plus the clearance in feet. Call this pro- 
duct (A), Divide one less than the ratio of 
the two cylinders by the actual expansion 
rate in the first cylinder. Add one to 
the quotient, and multiply the sum by the 
initial clearance in feet. Call this product 
(B), Subtract product B from product A. 
Call the remainder ((7). Multiply the net 
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piston area of first cylinder in square inches 
by the total initial pressure in lbs. per 
square^ inch, above vacuum, and by the 
remainder (7. The. product is the net work 
in foot lbs. for one single stroke. 

I^us : — Suppose net area of first piston. 
50O square inches ; of second, 1,500 ; total 
initial pressure above yacuum, 63 lbs. per 
square inch; clearance=0.42'; cut-off at 2'; 
stroke 6'; then actual expansion rate in 
first cylinder=6.42-i-2.42=2.653; second 
expansion ratio 8; compound ratio 
2.653X3=7.959, the hyperbolic logarithm 
of which is 2.0743 (as found in table;) 
3.0743X2.42=7.44=^; (3— 1)-5-2.653= 
.7162; 1.7162X.42=.737=JS; 7.44— .737= 
6.703- (7/ 63X500X6.703-211,145 foot 
lbs.', .the net work during one single 
stroke. « 

Q. What is the difference between a 
Woolf and a Wolff compound engine? 

A. . The WooU compound engine has no 
receiver; the Wolff has a receiver. 

DBTNESS OF STEAK. 

Q. Is saturated steam at the condensing 
point or at the generating point ? 
A. Saturated steam standing over water. 
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8 at both the Gondenfiing point and the 
generatmg point. 

% Q. When does steam approocbr to the 
condition of a perfect gas? 
A. When superheated.* 
Q. What are the advantages of super- 
heating steam ? 
A. The advantages of superheating aze 

(1) To increase the efficiency of the steam 
without producing a dangerous pressure; 

(2) To *' improve the vacuum," that is, to 
lessen the density required to overcome 
a given resistance, and lower the back pres- 
sure; (3) To prevent condensation during 
expansion, 

Q. How far is superheating carried with 
ease? 

A. To 100° above the normal steam tem- 
perature due to the pressure. 

Q. What can be said about the money 
loss by radiation from cylinders? 

A. Badiation of heat from uncovered or 
unjacketed cylinders walks off with profits, 
and most inexcusably; for there are 
few makes of engines which cannot be 
cheaply covered with a non-conducting lag- 

* See pages 87 to 90 of PartL 
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ging, in snch a way as that all parts oan be 
readily disoonnected and got at. Felt and 
other lagging materials are plenty in the 
market ; and air-space, which is very desir- 
able between even the best lagging and the 
cyhnders, costs nothing. 

Q. Are steam traps any use in giving 
drier steam in the cylinder ? 

A. Steam traps appear to some to be a 
needless expenditure. But we notice that 
any one who has had a cylinder head 
knocked out by reason of water in the cyl- 
inder generally believes in dry steam, and 
in steam traps, ever thereafter. 

Q. What advantage has dry dteam over 
wet, as regards friction? 

A. Dry steam gives less friction in steam 
and exhaust pipes and passages, than wet ; 
hence gives higher initial pressure and less 
back pressure. 

Q. How much ' ' primage " may there be 
in steam? 

A. Him's experiments show an average 
of fi^per cent ; Zeuner states it as seven 
and a half to fifteen per cent. 

Q. What is ' ' oommeroiaUy dry " steam? 

A. Steam containing only three to f ou 
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percent of water cannot be distingiiiBhed, 
by observation, from that which is perfectlj 
dry, and may therefore be said to be '' com- 
meroially dry." 

THB 007BBN0B, 

Q. "Which requires the more sensitiye 
governor, a throttling engine, or an auto- 
matic; and why? 

A. The autcmatio, because the pressure 
in the cylinder varies more during the stroke 
than in a throttling engine. 

Q. Which needs the more sensitive gov- 
ernor, an early cut-off, or a late cut-off ; and 
why? 

A. The early cut-off, because of the 
greater variation in pressure during a 
stroke. 

Q. What is the objection to the ordinary 
centrifugal speed-governor? 

A. The trouble with the (Ordinary centri- 
fugal speed-governor is that it '*has to go 
slow in order to go fast." This is true of 
any speed-governor; it does not operate to 
check the speed until the engix4^ has 
actually speeded up beyond the regulation 
rate. As a consequence, it takes a turn or 
two of running at abnormal rate, before the 
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engine oan be brought down to regnlar 
speed. Now, suppose an engine ronning 
120 turns and belted on to a '* dynamo'^ 
making 1,200 turns ; the engine may make 
one turn at the rate of 150 turns per min- 
ntB, and then be choked down to one turn 
at the rate of 90, and then be speeded up to 
one at 140, then at 100, then at 130, then 
110, and then settle down to 120, as if noth- 
ing had happened. A speed indicator ap- 
plied during ten seconds would indicate an 
average speed of 120 turns, and the engine 
would be supposed to be a marvel of steady 
running ; but the dynamo would have been 
running at rates from 1,500 down to 900, 
if the belt slip did not prevent some of 
these variations. 

Q. How might the objection to the 
ordinary centrifugal speed-governor be 
remedied? 

A. What is wanted is a governor which 
will govern by the load and not by the 
speed, and will govern so quickly that if 
the engine is speeded at 120, each turn 
shall be made in one-half second; no spurts, 
no lags, no dancing. 

This can^ be accomplished in the case of 
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an engine driying a dynamo, by << shnnting 
off*' a part of the current, through a coil 
passing around a vertical soft iron bar at- 
tached to the throttle valve or cut-ofiTlever. 
Any attempted iiicrease of speed would in- 
crease the current in the coil, and raise the 
bar in the coil, thus actuating the throttle 
or the cut-off, in the veriest fraction of a 
second. 

Q. What classes of work require the 
best governors? 

A. Electric light machines, textile ma- 
chinery (particularly for silk), flour mills, 
and saw mills. 

Q. Whskt law governs the revolution of 
the ordinary rotating conical pendulum 
governor? 

A. One revolution is performed in the 
same time as two vibrations of a common 
oscillating pendulum, having a length equal 
to the height of the point of suspension 
of the conical pendulum above the plane 
in which the balls revolve. 

Q. How long an oscillating pendulum 
will make a vibration in one second? 

A. 89.1393'' in the latitude of London. 

Q. How long an oscillating pendulum 
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would vibrate in ^th of a minute in the 
latitude of London? 



( 



♦^39.193 X 60\« 

= 28. 75^ 
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Q. How do you determine the number 
of revolutions that a conical pendulum gov- 
ernor will make, when the balls are at a 
given distance below the suspension point? 

A. Multiply the square root of the height 
of the cone in inches by 0.31986, and this 
gives the time of revolution in seconds. 

Q. How do you determine the diameter 
of the circle described by the balls of a 
conical pendulum? 

A. Divide 187. 58 by the number of revo- 
lutions per minute, and the square of the 
quotient will be the distance in inches, of 
the plane of revolution, below the point of 
suspension. Take the square of this ver- 
tical distance from the square of the length 
o£ arm in inches, and the square root of the 
remainder is the radius of the circle in 
which the centres of the balls revolve. 

Q. Has the weight of the governor balls 
any influence upon the governor speed? 
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A. No. 

Q. What may be said about the goyemor 
speed? 

A. The governor should in no case make 
a number of revolutions per minute, exactly 
a multiple of the rotation speed of the en- 
gine, as that causes '' dancing," and ''plays 
hob'' in mills where regular speed is a 
necessity. 

Q. In guaranteeing the regulation of a 
steam engine, what should be specified? 

A. In guaranteeing the regulation of an 
engine, the extremes and the averages of 
variation of pressure, speed and load, should 
be specified. 

For instance, an engine may be rated to 
run within 2% of 120 revolutions, provided 
the governor is never set to keep the speed 
below 110 or above 135; and the pressure is 
kept between 75 and 85 lbs., averaging 78; 
under a load averaging 65 H. P., and never 
running below 55 nor over 75 H. P. 

DUTY OB ECONOMY OT AN BNGSSB. 

Q. What is prox>erly meant by the 
" duty " of an engine? 

A. The amount of work done, in rela> 
tion to the steam consumed; though it is 
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generally niiderstood as meaning the 
amount of work done, in relation to the 
fuel consumed by the boiler supplying the 
steam. 

Q. What is the only means by which 
steam can do useful mechanical work? 

A. By changing the volume of the vessel 
containing it. 

Q. How is the efficiency of steam in a 
perfect engine reckoned? 

A. By dividing the range of tempera- 
ture worked through, by the mayimum 
initial absolute temperature of the fluid en- 
tering the cylinders. 

Q. How is the efficiency of an engine 
as a machine reckoned? 

A. By the ratio of the quantity of work 
transmitted from the engine to the mach- 
inery of transmission, to the work done by 
the steam in the piston. 

Q. How should the economy of an en- 
gine be expressed, and why? 

A« The economy of an engine should 
be expressed in lbs. of dry steam per hour 
I>er H. P., because expressing economy in 
lbs. of fuel per hour per H. P. depends on 
the boiler too, rather than on the engine 
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alone. Thus one boiler might require 600 
lbs. of coal to eYax)orate 8,600 lbs. of water 
from 62^ to 310*' F., and produce say 120 
H. P. in a certain engine; another boiler 
might require only 335 lbs. of coal to pro- 
duce the same amount of steam and power. 

Q. In buyiog an engine, when the 
rating is given in lbs. of steam per hour, 
what should be specified? 

A. In rating an engine, in lbs. of steam 
per hour, it should be specified that the 
steam should be either saturated, dry or 
superheated*; and the initial pressure, 
point of cut-off^ and load should be stated. 

Q. Under what conditions does insuffi- 
cient expansion cause waste? 

A. Insufficient expansion is an evil 
which, especially in ordinary slide-yalye en- 
gines cutting off at | stroke and later, is 
responsible for a great deal of the waste. 
The higher the terminal pressure, as com- 
pared with the mean efFective pressure,''' the 
greater the loss from this source. 

Q. How far should expansion be 
carried? 



• See under these heads in Steam Engine Catechlami 
Part I. 
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A. In what is conventionally known as 
a <* perfect" engine (in which the waste is 
only about two-thirds the entire amount of 
heat), expansion should be carried on until, 
in the case of a condensing engine^ the 
terminal pressure would be as low as that 
corresponding to the temperature of the 
condensers. In the average non-condensing 
engine, we -may say practically that the 
best economy of steam is obtfdned by ex- 
panding down until the terminal pressure 
is just as low as the back pressure. % Thus, 
roughly, if the back pressure is 2 lbs. above 
the atmosphere=16.7 lbs. absolute,§ and 
the initial pressurelT in the cylinder was 
68.8 lbs. by the gauge =83. 5 lbs. absolute, 
the actual expansion rate|| should be at 
least 83.5-f-16.7=5; that is, not reckoning 
clearance, cut-off at least as early as one- 
fifth stroke. The steam user may readily 
prevent and cure this source of waste. 

Q. Does expansion pay when there is a 
good vacuum? 

A. The better the vacuum the greater 
the gain by expansion. 

Q. Does expansion pay when there is a 
great deal of clearance? 
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A. The greater the clearance, the less 
the proportionate gain by cut-off at a fixed 
point of the stroke; because clearance prac- 
tically lessens the expansion ratio. 

Q. How far should expansion be carried ? 

A. In what is oonventionallj known as 
a ''perfect" engine (in which the waste is 
only about two-thirds the entire amount of 
heat), expansion should be carried on until, 
in the case of a condensing engine, the 
terminal pressure would be as low as that 
corresponding to the temperature of the 
condensers. In the average non-condensing 
engine, we may say practically that the 
best economy of steam is obtained by ex- 
panding down until the terminal pressure 
is just as low as the back pressure. Thus, 
roughly, if the back pressure is 2 lbs. above 
the atmosphere =16. 7 lbs. absolute, and 
the initial pressure in the cylinder was 
68.8 lbs. by the gauge =83. 5 lbs. absolute, 
the actual expansion rate should be at 
least 83.5-7-16.7=5; that is, not reckoning 
clearance, cut-off at least as early as one- 
fifth stroke. The steam user may readily 
prevent and cure waste from a wrong grade 
of expansion. 
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Q. How nmoh gain is there in adding 
1^ BO as to cut-off at half stioke? 

A. If we Bni^KiBe a theoretioall; per- 
feotoondensiiigengiiie, having BO <dearaiice, 
thiottling, wiie-diawinft cylinder oonden- 
aatioa, nor Bteam oi exhaust lead, and a 
perfect Tacuom, we would get a theotetioal 



caid like Fig. 6. when ont-off ia at half 
stroke, and instontoneons. There wonld be 
an instantaneooa riae cf pressnre, from per- 
fect Tocanin at K, to full boiler pressnie at 
B; then the boiler pressnre line would run 
at a uniform height, B M, until cnt-off took 
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place (at half stroke in this case). At that 
point the pressure above vacaam would £all 
at such a rate that at stroke end it would be 
only half what it had been between com- 
mencement of stroke and point of cut-ofil 
Then it would at once fall to vacuum, and 
remain at that until the end of the return 
stroke. 

Such a diagram would be represented 
by the figure K B M N L; the height of the 
fig^e above the line K L representing 
pressures. The pressure at commencement 
of stroke is represented by B K; that at 
half-stroke, where cut-off takes place, by 
M O; that at stroke end, L N. The areas of 
the figures K M B O and O M NL repre- 
sent the amount of work done before and 
after expansion, respectively. In this case 
it wiU be found that O M N L is 0.69 (or 
nearly seven-tenths) the area of K B M O; 
and that is the amount gained by cutting 
o£f at half stroke, under the conditions 
named, 

Suppose that there was not a perfect 
vacuum, then instead of the pressure dur- 
ing the return stroke being nothing, it 
would be an appreciable quantity; and the 
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atnonnt o! work done wonid, instead of 
beiug :K B AI N L, be onlj A B M N D— aa 
shaded. Of this, the p&rt A B M B repre- 
sents the vork done dnring full eteam, and 
tlie part E M N D, that done during expon- 
Dion. (See Fig. 7.) 




Fig. 7 



In this cose, the pteasntes above Tacnnm 
are (he same as in Fig. 6, bat the gain 
during expansion is not ptoportionatelj bo 
great. 

The better the vacnunt, the greater the 
proportionate gain 6; 
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Now, Bappoee that this last case iraa 
altered b; the introduction of cleaiauoe, 
say 2i%, (as bIiovu m Fig. 8). 



B 
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b 
A 
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Fig. 8. 
If Q M oi P B is half of the whole stroke 
P D, then B M O E will be more than half 
of the whole volnme, and K L will be more 
than half the initial preeanre, E B. We 
have plainly nmiked all the lines of this 
diagram. It will be seen that the work 
clone dming expansion, (represented by 
the area B M N D) ia not quite as large a 
proportion of the work done doting fall 



SiBAU ENOim Oateohibu. 75 

Bteam, t^resfiiited by the uea Q U B F, 
as if there had been no clearaUM. 

ITie greater the clearance, the leas the 
proportionate gain by cut off at a fixed 
povnt of the stroke, because clearance 
praotKolly lessens the expansion ratio. 




Fig 9, 
I will supplement my answer to the 
abova question bj showing what the 
proportioim wonld be between the work 
done dnring foil steam and that done dar< 
img expansion, snppocing elU the oonditiona 
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to bo as in Fig. 6, except that cut-off is 
at one-fourth stroke instead of at one-hall 
In this case there is much more work done 
during expansion than before (see Fig. 9). 

The earlier the cut-off^ under the con" 
ditions named, t?ie greater the economy of 
steam by expansion. 

But economy of steam, is not necessarily 
economy of mxmey. 

Q. Is it not generally admitted that \ 
stroke is the most economical point of cut- 
off? 

A. That depends ux>on the conditions. 
For instance, with initial pressure 27 lbs. 
by the gauge and cut-off at ^, in a non- 
condensing engine, expansion would go 
below the atmospheric line, and during 
about the last third of the stroke the piston 
would drag on the crank pin. 

Q. How much economy is there in high 
initial pressures? 

A. I clip from my note book the fol- 
lowing table showing the decreased steam 
consumption, consequent on increased in- 
itial pressure at such a point of cut-off as to 
give the stated mean effective pressures : 
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Initial Fressube. 



10 Gauge Ll)s 
20 " 

80 ** 

40 " 

50 
60 
70 
80 
90 
100 



f^ 
H 

^ 



It 
«t 



9.8 
16.8 
21.2 
26.6 
29.1 
88. 
84.5 
86.8 
88.1 
89.2 






75.8 

42.9 

83. 

27.8 

24. 

21.9 

20.8 

19.2 

18.4 

17.8 






perct. 
76 
80 
20 
14 
10 

8 

6 

6 

3 



.4> 



perct. 
48 
28 
17 
12 

9 

7 

5 

4 

3 



Q. Is there any plainly evident proof of 
the economy of high pressnre steam? 

A. That high steam pressures tend to 
economy is plainly shown in ocean steamers. 
Twenty-five years ago they carried 16 lbs. 
pressure per square incir, and it took 5 to 6 
lbs. of coal per hour to make a H. P. 
Now they carry 75 lbs. and get one H. P. 
per hour with 2| to 8 lbs. of coaL The 
« Anthracite/' carrying 850 to 500 lbs. 
pressure, crossed the Atlantic with only 1 lb. 
of coal per hour per H. P. 
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Q. Under what cironmstanoes may 
small ports be more economical of steam 
than large ones? 

A. In some cases (as, for instance, in 
locomotive engines with baclly designed 
valves and valve gear) where small ports, 
by we drawing the steam, practicaUy 
effect the expansion of the steam before 
the lap of the valve cuts off the admission. 

Q. How is it that some people find in- 
side lap to save coal and others find it 
do jnst the opposite? 

A. The effect of inside lap, or ezhanst 
lap, as it is variously termed, is to dimin- 
ish the exhaust passage, and after a certain 
portion of the stroke to completely close it. 
Thus we have two different effects upon 
economy. 

The first is a tendency to produce back 
pressure if the engine be running very fast; 
and back pressure previous to compression 
is always a waste of steam. So that if one 
valve had too little travel, or too little arch 
in the valve, or too small an exhaust 
passage, cutting out inside lap might free 
the exhaust and thus increase the economy 
of steam. 
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The seoond effect of exhanst lap is to 
coshion the exhaust at a certain portion of 
the return stroke; and this cushion or com- 
pression, if in proper amount, has for its 
effect to save the waste steam contained in 
the clearance spaces, and which would 
otherwise reduce the grade of expansion 
and also chill down the steam entering 
from the steam-chest. The higher the speed 
(so long as the exhaust passages are large 
enough and there is enough exhaust lead) 
the greater the benefit of exhaust lap sim- 
ply as giving a cushion to the reciprocating 
parts. 

The greater the waste clearance space, 
the greater the benefit of exhaust lap up to 
that point, at which point the exhaust 
steam in the waste spaces is compressed up 
to steam-chest pressure. The higher the 
steam-chest pressure the greater the benefit 
of exhaust lap, because the greater the com- 
pression of exhaust steam in the waste 
dlearance space. 

Thus both may be right. 

■<0f two erllB, tbe least is always to \)e cHosen.*' 

Q. What are the_ causes and efifects of 
wire-drawing? 
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. A. Unsteady 'wire-drawing has as its 
cause, insufficient size of ports and pass- 
ages, and as its injurious effect, reduction of 
the mean effective pressure and of the ratio 
between this and the terminal pressure. 

Q. Does wire-drawing necessarily wholly 
represent wasted energy? 

A. Wire-drawing does not entirely waste 
energy, as while it lowers the initial pres- 
sure it causes slight super-heating; but it 
lessens the ratio between terminal and back 
pressures, and lessens the expansion ratio, 

Q. What is the most advantageous ad- 
justment of compression or cui^on? 

A. The most advantageous adjustment of 
compression or cushion, (from the point of 
view of steam economy, and entirely irre- 
si>ective of the question of pounding) is 
when the quantity of steam cushioned just 
fills clearance spaces at initial pressure. 

Q. Why will not compression save all 
the loss by clearance? 

A. Compression cannot save all the loss 
by clearance, because the space through 
which the piston travels during compres- 
sion is lost for the production of work, 
while friction continues. 
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Q. "Wbai is tli« amormt of oompreeaion 
to give, lor TnnTimiiTii steam economy? 

A. For eyerj point of cnt-oft and for 
werj amotuit of book preBsnre, there is 
witheachper cent of oleoiance, a point of 
oompresaioa vidoh gives the best steam 
economy, 

Tb« following table by D. £. Clark, 
gives the best period of oompregsion with 
7% (dearanoe, and for sevenl back exhaoat 
pressorea and foi several points of cnt-off: 
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Q. What is the adTontage of exhaust 
pre-release? 

A. Exhaust pre-release enables the 
entire fall of pressure to take place towards 
the end of the stroke, effecting a saving in 
one part of the stroke and a loss in another. 
By a proper point of release the saving 
maybe made to considerably exceed the 
loss. 

Q. What is the point for exhaust release, 
at which the greatest saving is effected? 

A. The greatest saving in work ia effec- 
ted by making the release at such a point 
that one-half the fall of pressure shall take 
place at the end of the forward stroke and 
one-half at the commencement of the re- 
turn stroke. 

Q. What is the effect of engine room 
temperature on cylinder condensation? 

A. The lower the engine room tempera- 
ture, the greater the amoimt of cylinder 
condensation. 

Q. What are the advantages of a small 
engine over an underloaded large engine? 

A. As the friction of the engine and 
transmission, does not greatly vary with the 
load; as the friction of a small engine is 
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lees tTiftw that of a large one diiTing the 
same load, it ia beat to nse a email engine 
at maximmn eoononuo capaoitj, than a 
large one, tmderloaded. 

The following flgnrea are given bj Hr. 
Jnlioj) li. Homig as from indicator cards: 
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Tims the small engine, with onl; half 
the capacity of the lai^ one, shows a gain 
of 20^ if nsed instead of tlie lai^ engine, 
when the latter is worked at halt its capao- 
i^ or lees. 

Q. now does the exhaust waste fnel? 

A. Every steam engineer should look np- 
<m the ezhanat as one of the most aotiTe 
and competent of the seven ttderes whidh 
arerobl^ng hia engine tA heat and hia 
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pocket of cash. The ezhanst waste is bj 
reaJson of the heat taken up bj the exhanst 
from the interior surfaces of the cylinder 
walls, which thus, instead of remaining hot, 
become chilled and cause internal conden- 
sation during admission and expansion. 

Q. Is lagging the exhaust pipe any 
use? 

A. No. 

Q. Is air space between lagging and cyl- 
inder, advisable? 

A. Yes* 

Q. Does the loss of a steam engine by 

friction vary with the load? 
A. Not necessarily. 

Q. What is the effect of a draft through 
the engine room? 

A. To increase cylinder condensation. 

Q. Which is the more economical 
method of lowering the capacity of an en- 
gine: — ^throttling, or cutting off earlier? 

A. In general, earlier cut-off is the more 
economical of steam, because throttling 
causes wire-drawing and lowers initial 
pressure, while earlier cut-off only dimin* 
the mean effectlYe pressure. 
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OAFAdTT OB POWEB. 

Q. What is meant by the ''capacity" or 
"power" of an engine? 

A. The capacity or power of an engine is 
the amount of work it can do, irrespective 
of economy. Thns, a 22^ x 36'' engine ran- 
ning 110 reyolntions (66(y piston speed) per 
minute, has, at 80 lbs. initial pressure, a 
capacity of about 397 H. P. ; but it is more 
economical, that is, uses less steam per 
hour per H. P., when worked to from 225 
to 342 H. P. 

Q. How may the horse x>ower of a steam 
engine be expressed? 

A. The horse power of a steam engine 
may be expressed by Prof. Marks' for- 
mula: 

PLAN 

(HP)^ ; 

33,000 

(HP) being the indicated horse power; 
P, the mean steam pressure on piston, in 
lbs. per square inch; L, the stroke in feet; 
A, the piston area in square inches, and N, 
the number of strokes (or double the num- 
ber of crank reyolutions) per minute. The 
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author has a somewhat shorter fornmla: 

PAT 

(HP)== ; 

33,000 

in which the term T, representing the pis- 
ton travel in feet per minute, replaces the 
two terms L and N, in the preceding for- 
mula. 

Q. What is a nominal horse XH>wer? 

A. * 'Nominal horse power" does not 
mean anything in particular. It corres- 
ponds to "as long as a piece of string;" or 
''as big as a lump of chalk." 

Q. What is an actual or real horse power? 

A. An actual or real horse power is 550^ 
lbs. per second, or 33,000 foot lbs. per min- 
ute, or 1,980,000 foot lbs. per hour. 

Q. What is a ^^ force de cJievaV or 
**ch,eval vapeurY^ 

A. The **/orcc de chevaV* or **c7ieval 
vapeur" is the French horse power. It is 

ft. lbs. 
75 kilogrammeters per second«542} 
or 4,500 " * minute«32,549 

270,000 ** ** hour =1,952,932 

or about -^ part less than the British horse 
power. 
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Q. How can jon asoertain the gtosa 
hoiae power from the piston area, quickly? 

A. Lookintho following table, in t^ 
aqnare oorrespondiiig to the meaa effective 
jseeaore and piston speed of jaax engine, 
and 70a bare a nnmbet, which, multiplied 
by the piston area, gives the gross horse 
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Tiins:— an engine 10" bore, with 40 lba. 
mean effeotlTe preesnre and 400' piston 
speed, has a groes hone power of 78.BiX 
.484848=87.75. 

Q. What is the "faottnr of honea power" 
of aaengiiief 



1 
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A« The factor of horse power of an en- 
gine is the product of the area of the piston 
in square inches, by its speed in feet per 
mmute, divided by 33,000. This figure, 
multiplied by the mean ' effective pressure, 
gives the gross horse power of the engine. 
Thus, a 14^ X 24^ engine, making 150 turns 
per minute, has a factor of horse power of 

(14 xUx.7854)x (2x300) 

=2.79 

33,000 

and with 40 lbs. mean effective pressure the 
gross horse power is 40 x 2.79=111.7. 

I contributed the following some 
time ago to the Millstone^ and reproduce 
it in order that my readers may construct 
similar tables for their own use: — 

*<We often see even engine builders take 
a long while ciphering up the horse power 
of their standard sizes of engines at various 
speeds and mean effective pressures, and 
wonder that they do not have a '^factor of 
horse power" calculated for each engine at 
its rated rotatum speed, so that its horse 
power, with any given mean effective preft-) 
sure, may be obtained in a moment by one 
simple multiplication. We give herewith 
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the &ctors of horse x>ower of a series of en- 
gines that we get up for < 'direct driving/' 
electric light machines, circular saw mills, 
&C. It will be noted that the rotation 
speeds are imusually light; but the engines 
are guaranteed to run cool and steady, and 
goYem closely even under the excessive 
changes of load usual in such work. 
The factor of horse x>ower is from 

PAT AT 

"Gximshaw's Formula" ; being — 

33,000 33,000; 

that is, the quotient of 33,000 into the pis- 
ton area (in square inches) times the travel 
(in feet per minute). 
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Q. What is the "hoise power oonstant'* 
of on engine? 

A« The ''horse power constant" of an en- 
gine is generally understood to mean the 
horse power developed for each revolution 
per minute and each x>ound per square 
inch mean effective pressure. Thus, a 
12'x21^ ''Hartford" engine, under an init- 
ial steam pressure of 80 gauge lbs., and 
cutting off at ^ stroke, (say 35 lbs. mean 
effective pressure) would, at 170 revolutions 
per minute=595' piston speed per minute, 
have a horse power coimtant of .0187; and 
its horse power would be 170X35 x .0187= 
111.27. 

Q. What is an easy rule for gross and net 
horse power of engines of 12^ bore? " 

A. In all engines of 12^ bore the gross 
horse power equals the products of the 
mean effective pressure and the travel in 
feet per minute, divided by 291.8; and the 
net horse x>ower is about equal to the mean 
effective pressure times thrice the lineal 
piston speed, with three figures pointed off 
from the right. 

Thus: — 12^ engine with 40 lbs. mean ef- 
fective pressure, and 400' piston speed; 
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then the net horse powe!r=40 x 1,200= 
48. 

A cdmple formula for horse power of en* 
gmesis 

PAT 



33,000 
P being the mean effective pressure in 
pounds per square inch, A the piston area 
in square inches, and T the piston travel in 
feet per minute. 

Q. Is there any usual mean effective 
pressure, and piston speed, which makes it 
especially easy to calculate gross horsepow- 
er from piston area? 

A. Bef erring to the table,* it will be seen 
that the multiplier for 65 lbs. mean effective 
pressure, and 600' piston speed, is 1; so . 
that in any engine working at those rates 
(which are customary inactual practice) the 
gross horse power is the same as the square 
inches of piston area. 

Q. Is it fair to rate the power of an en- 
gine byits abiUty to drive a certain ma- 
chine, rated to take a given horse pow- 
er? 

* TlUstaDlewllllMtoandonpageST. 
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A« No. The indioator, dynamometer, 
and the brake offer the only fair method of 
rating an engine. For instance, some 
deecriptions of electric light maohineB 
Bold to produce a given candle power 
-with a stated number of horse power, 
consume i;wo to ten times the stipulated 
motive force. 

Q. What is a hyperbolic logarithm, and 
how can I find the logarithm or hyperbolic 
logarithm of any number? 
. A. You understand that a "power" of a 
number is that number multiplied by itself 
a certain number of times. Thus 2X2=^ 
is the second power of 2; 2X2X^=8 is the 
third power of 2; 2X2X2X2X2=32 is the 
fifth power of 2. Sometimes they are 
written thus: — 2^ for second power of 2; 2« 
for third power of 2; 2' for fifth power of 2, 
and so on. The little figure showing 
how many times the number is taken as 
a factor is called the ** exponent," or 
"shower." 

Now note that if you multiply 2' or the 
second power of 2, by 2' or the third 
power of 2, you get 2' or the fifth power 
of 2; that is, in multiplying powers of a 
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number together you add the expo- 
nents. 

Oonverselj, in dividing one power of a 
number by another power of a number 70a 
subtract the exponent of the divisor from 
the exponent of the dividend. Thus, 2^ 
divided by 2« gives 2*; that is, 2X2X2X 
2X2X2X2 (or 128) divided by 2X2X2 
(or 8) gives 2X2X2X2 (or 16). 

The * 'reverse" of a power is a "root." 
That is, if 25 is the second power of 5, then 
5 is the second root of ^5; if 81 is the 
fourth power of 3, then 3 is the fourth root 
of 81. 

A root may be expressed by writing 
its exponent as the denominator of a frac- 
tion up at the right hand top comer of the 
number; thus 81^ means the fourth root, or 
reverse of the fourth power, of 81. 

Now suppose \^e want to take the third 
power of the fourth root of 3; or the fourth 
root of the third power of 3. We can express 
that 3^; that is a fractional exponent. Let 
us work out the fourth root of the third 
power of 3, so we can see how much it is: 
3»=3X3X3=27. 

8^=27^, ^ot by the following operation: 
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27.00'00(5.1961 is the second root 
25. of 27. 
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5.19'61)2.2794 is the second root of 

4. 5.1961 or the fourth 

— root of 27, or the 

42)119 fourth root of the 

84 third power of 8, or 

is 3^, or is * V3», as 

447)3561 it may also be writ- 

3129 ten. 



4549)43200 
40941 



45584)225900 
182336 
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Now Bnppofie we write f decimally as 
0.75, and put it 8* •' • ; then we have a ded- 
mal exponent for the 3. 

Yon can easily see that eyery number 
mnstbe some root of some power of some 
other nnmber; that is, mnst be an exponent 
(generally a fractional exponent) of some 
other nnmber taken as a ''base." 

Thns, if we take 10 aa a '<base," then 2 
is equal to the hundred thousandth root of 
the 80,108d power of 10, and may be writ- 
ten 10.»-»«io»; 3 is equal to 10,o-4iii9. 
and 6, or 3X2, equals 10. ••"«*». If you 
wiU add 80,103 and 47,712 you wiU get 
77,815. 

Now there are tables prepared which 
show what power and root of 10, evezy 
number is; so that if we want to multiply 
any long number by any other long num- 
ber, we turn to the table, get these ''expo- 
nents," add them, and then look in the 
table and see what number has for its ex- 
ponent of 10, the sum of these exponents, 
and that number is the product of the two 
numbers. 

These exponents of 10 are called common 
logarithms; there are plenty of tables of 
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them in mathemaiioal works, and ihey save 

an immense deal of labor, besides ensuring 

greater accuracy than where long calcnla- 

tions are gone through with. 

Here we ''do an example" in multiplioa- 

tion by common logarithms: 

Multiply 1.S8456, of wmcb the com. log. Is. . . . 0.000067 
B7 7.89888 " " ** , " " ".... 0.897668 

The sum Of tbe logarithms is 0.98r684 

of which the ^'natural number" is 9.919177. 

Now well try an example of division by 
logarithms: 

DlYlde 187.8662, of Which the com log. is 8J879041 

B7 84.5999, of which the com. log. is. ... , 1.567944 

The difference of the logarithms is..... 0.784097 
of which the natural number is 6.4^226. 

Now to take any power of a number: 

Suppose we want the fifth power of 

184.9268, of which the common logaHthm is. . 2.266090 
Then we multiply that logarithm by. 6 

The product is. « 11.884995 

having for its ''natural number" 216,269,- 
203,980.094-> "Vf^hich is the fifth power of 
184.9263, as you can prove by covering a 
few square yards of paper with figures. 

To take any root of a number: Suppose 
we want the seventh root of 9,999.999, of 
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which the common logarithm is 3.999999. 
Dividing 8.999999 by 7 we get 0.671428, 
which is the common logarithm of 3.7276. 
Then 3.7276 is the seventh root of 9,999.999. 

The "hyperbolic logarithm," or "Napier- 
ian logarithm," of any number is the "com- 
mon logarithm" multiplied by 2.3025851; 
there are tables of hyperbolic logarithms in 
most of the important works which treat of 
steam, and they are jnst as essential to the 
steam engineer as the common logarithms 
are to the scientific man who works in other 
lines. They shorten labor. 

Thus, suppose an actual expansion rate of 
two in a cylinder 2' long, and one square 
foot area of piston. Then at point of cut 
off we have one cubic foot of steam. Say 
it is at 100 lbs. pressure above vacuum, and 
the expansion is perfect. Then at full 
stroke we have 2 cubic feet of steam at 50 
lbs. At i stroke we have 1.5 cubic feet at 
66} lbs. At I stroke we have 1.25 cubic 
feet at 80 lbs. At j- we have 1.75 cubic 
feet at 57.14 lbs.; and so on. 

To roughly approximate the average 
pressure in the cylinder during the time 
of expansion, we may thus proceed: 
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At I stroke it is 80 lbs 

" i " '* 66.67 **' 

" * " ** 57.14: " 

** I or full stroke it is 50. *< 



4)253.81 lbs. 



Bough approximate average 63.45 lbs. 

But suppose we count it at the t*^ths in- 
stead of at the ^ths, it ciphers up 
At -^ stroke there are |=1.125 cu- 
bic feet; pressure | of 100= 88.88H) 
At f stroke there are |=1.25 cubic 

feet; pressure f of 100= 80. lb 

At \^ stroke there are J^=1.375 

cubic feet; pressure t\ of 100= 72.73H) 
At f stroke there are 1=1.5 cubic 

feet; pressure f of 100= 66.67n> 

At II stroke there are J^= 1.625 

cubic feet; pressure -^ of 100= 61.54:1b 
At i stroke there are J=1.75 cubic 

feet; pressure f of 100= 57.142) 

At ^ stroke there are ^=1.875 

cubic feet; pressure ^ of 100= 53.33Q> 
At |4 or full stroke there are ^=2 

cuoic feet; pressure -^ of 100= 50. lb 

8)530.29Ib 

Second approximate average, 66.28Ib 

Now the table of hyperbolic logarithms 

says that the hyperbolic logarithm of 2 
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(the expansion rate) is .6981472; so that 
without all the foregoing figuring, which 
after all only gives a rough guess at the re- 
sult, we may get the exact average pressure 
as 69.3U72 lbs. 

THE 0ONDEK&DSB 

Q. What is a yacuum? 

A. A vacuum is an absolutely empty 
space; although as we ordinarily under- 
stand it, it means a closed space from which 
a part of the contents has been abstracted, 
and which contaizis nothing but air or 
other gaseous fluid (or a mixture thereof), 
at a less tension than that of the atmos- 
phere. 

Q. What is the pressure in a vaouum ? 

A« The pressure or tension in a perfect 
( vacuum is nothing, outwards; but there is 
an unbalanced pressure of nearly 15 lbs. 
per square inch (at the sea level) from 
without, towards its center, tending to fill 
it with whatever fluid surrounds it. 

Q. What is it which exerts this unbal- 
anced pressure of nearly 15 lbs. per square 
inch from without inwards, on the vessel 
containing a vacuum? 

A. The weight of the atmosphere. A 
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oolumn of air of one square inch at the 
base, and running from the sea-level to the 
npper limits of the atmosphere, weighs 
14. 7 lbs. 

Q. With -what velocily does air msh into 
a perfect vacaum ? 

A. 1,338 feet per second. 

Q. What is the nse of the so called air 
pimip, in a condensing engine ? 

A. The "air pomp" removes the water 
from the condenser to prevent the air 
which it contains, accnmnlating and still 
further destroying the vacnnm. 

Q. Could a condensing engine be worked 
with a steam pressure less than that of the 
atmosphere ? 

A. Yes, if once started. 

Q. What would be the objection against 
running a condensing engine with steam 
at less than 14.7 lbs. per square inch in the 
boiler? 

A. The boiler could not be blown out; 
and the gauge cocks could not be tried. 

Q. When and by whom was tbe condens- 
er first applied to decrease exhaust pres- 
sure i 

A. By James Watt in 1765. 
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Q. How many principal types of con- 
densers are there; and wliat are tliey ? 

A. Four: — the surface condenser of ma- 
rine yessels:* the air pump jet condenser;! 
the ordinary siphon condenser, and the ex- 
haust steam induction condenser. 

Q. What is a ''siphon condenser ? " f 

A. A ''siphon condenser" is one in which 
the exhaust steam escapes through a nozzle 
of special shape, surrounded by another 
through which flows with a fall of 34' an 
annular current of water which condenses 
the exhaust steam. 

Q. What is an exhaust steam induction 
condenser? 

A. A modiflcation of the siphon condens- 
er in which is utilized the velocity of the 
exhaust steam. It provides for its own 
water supply without the aid of a pump. . 

Q. How is the exhaust steam induction 
condenser started ? 

A. By a small jet of live steam, which is 
shut off alter the machine is started. 



• see Steam Engine Catedilsm, page 74. 
t See steam Engine Catechism, page 73. 
t See Steam Engine Catecblsm, page 78. 
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Q. What is essential in a so called siphon 
condenser ? 

A. That the condensing water shall prop- 
erly fill the cone or jet, bnt "without over- 
crowding. If the cone be too large, too 
much water will be needed. 

STEAM BNQINB BATING. 

Q. What are the principal elements to be 
considered in choosing or comparing steam 
engines ? 

A. The principal elements to be consid- 
ered in choosing or comparing steam en- 
gines, are their duty or economy, simplicity, 
regulation, and compactness. 

Q. What are the relative values of these 
four principal elements ? 

A. This varies with the use to which the 
engine is to be put, and the conditions 
under which it is to be run. Opinions of 
engineers and engine buyers differ widely. 
The following opinions from eminent au- 
thorities win prove of interest in this con- 
nection : 

The Harlan & Hollings worth Co., Wil- 
mington, DeL, builders of marine engines, 
while saying that the conditions indicated 
by such figures are necessarily modified in 
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different engines, estimate as follows: 
Economy, 40; dorability, 20; simplicity, 
20; regulation, 25; and compactness, 5. 

Mr. J. W. See, Hamilton, Ohio, does not 
think it proper at all to divide a possible 
100 points among the features stated on any 
scale, as some other features entitled to 
recognition in the hundred might prove to 
have been omitted; and he doubts any one 
built to give each feature its proper per- 
centage. He would say that a percentage 
based upon a possible hundred of each fea- 
ture now thought of or turning up in the 
future would be nearer right. In six out 
of every ten engines Mr. See thinks that 
regulation would be a matter of no import 
whatever, and in some economy would be 
nothing. 

The Norwalk Iron Works, South Nor- 
walk, Oonn., by E. Hill« Treasurer, say that 
regarding the rating of engines tliey would 
judge that no fixed rule could be adopted. 
Intiieir opinion for engines intended for 
use in large cities and vicinity, economy 
would stand first, and in crowded buildings 
compactness would always be an important 
feature. Simpliciiy there is of not much 
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accotint, especially on a large engine, as 
skilled help is easily obtained. Dnrability 
would stand low in the scale, as repairs are 
easily made, and proprietors are progres- 
sive and ready to introduce improved ma- 
chines as they appear. 

For flour mill engines and many similar 
industries, regulation is the firdt point to 
be considered, as the quality of the entire 
product depends upon that. The other 
points would then be affected by other cir- 
cumstances of the case. For a coal mine 
durability stands pre-eminent, and next, 
simpHcity, and if the power is transferred 
to a long distance through wire ropes, reg- 
ulation should be first-class. 

Mine engines on barren mountain peaks, 
difficult of access, demand durability and 
^ economy. 

The Atlas Engine Works, Indianapolis, 
Ind., say concerning the value of the vari- 
ous features that make up the performance 
of an engine, they suppose that they would 
vary with different classes of engineers for 
'different services. For stationary engines 
for ordinary land purposes their ideas 
would be ta divide the 100 points thus: 
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Economy, 40; durability, 26; simplicity, 10; 
regulation, 20; compactnesB, 5. 

Prol de Yolson Wood says, in this 
connection, that special conditions will 
greatly affect in particular elements. For 
average cases he thinks that adjusta- 
biliiy will be of but IHtle value, and in the 
hands of an ignorant runner it may be a 
damage and should (for him) be marked 
0; a few intelligent runners might prize it 
highly. Similarly, in some cases, a want of 
compactness would render the engine 
nearly worthless for that particular case. 

Such being the case, the judgment of dif- 
ferent engineers. Prof . Wood thinks, will 
differ greatly, but if he were to rato the 
elements with a definite number, instead of 
giving a range, he would mark them about 
thus: Economy, 80; durability, 40; eim- 
plicity, 15; regulation, 5; compactness, 10. 
Still, he is not certain how much may be in- 
cluded in regulation in this schedule — such 
as automatic cut off, or mechanical means 
for taking up wear. 

Messrs. O. A. Pray & Co., Minneapolis, 
Minn., rate economy at 50; durability, 85; 
simplicity, 5; regulation, 5; compaatness, 5. 
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The Fitchbnrg Steam Engine Company 
would diyide abont as follows: Economy, 
50%; durability, 16; regulation, 16; simplic- 
ity, 13; compactness, 5. They think the 
question has many side issues upon which 
each depends; hence no fixed rule can be 
adopted for all conditions. Economy is de- 
pendent to a great degree upon close regu- 
lation under all variations of load and pres- 
sure, avoiding spasmodic use of steam; and 
also upon simplicity, for although, under 
critical tests, any engine may control well 
and all parts be in perfect adjustment, yet 
the lack of simplicity allows speedy and 
perhaps disastrous misadjustment, so that 
the difference between the critical and the 
average performance for five years may be 
largely in favor of a simple engine with a 
much lower first duty. 

Mr. F. F. Hemenway says that in the 
little thought he has as yet been able to 
give the subject, he must confess that the 
difficulties, mainly, have presented them- 
selves to him. For instance, economy with 
coal at $10, and with sawdust to throw 
away, would be two different things; in like 
manner regulation may be very important 
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in one instance and of not much in another. 
Mr, Hemenway says that if he were to do 
the same thing he would, if he wanted to 
make it generally acceptable to engineers, 
make his own figures to the best of his 
knowledge and then ask the opinions of 
aU he thought best, requesting them to 
alter the figures and give reason for so 
doing. 

DESIGN, OONSTBUCnON AND EBBGTION. 

[See also both in other parts of this Sup- 
plement, and in the Steam Engine Gate* 
chism, under the heads of the various parts 
of the engme.] 

Q. What is a rotative engine? 

A. One in which the reciprocation of the 
piston in a straight line causes the crank 
and shaft to turn. 

Q. What is a rotatory engine? 

A. A rotatory engine is one in which 
there is no reciprocating (or **to and fro") 
piston, but in which the action of the steam 
causes the shaft to turn, without the inter- 
vention of intermediate mechanism. 

Q. What type of valve causes the most 
wire-drawing? 
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A. The slide valve causes the most wire- 
drawing. 

Q. Whatare the advantages of the inver- 
ted vertical type of stationary engine? 

A. Lower frictional resistance, smaller 
amount of floor space, higher speed, and 
less foundation needed, than for a horizon- 
tal engine. Besides, it can be erected in a 
more contracted position difficult of access. 

Q. What is meant by a ''Oorliss" type of 
engine? 

A. In the United States, an engine with 
the rotative Corliss valve; in Europe, any 
engine with cut-off regulated by the gov- 
ernor. 

Q. What is the advantage of ''conical" or 
tapered valves? 

A. ''Conical" valves have the advantage 
that they may have wear taken up by . end 
adjustment. 

Q. What is the objection to conical 
valves? 

A. *<Conical" (or tapered) valves, unless 
hung on centres or on hardened trunnions, 
wear faster at the lai^e end, and leak there, 
while they cannot be "set up" without 
pinching the small end. 



Steam Engutb Catbohibm. 109 

Q. What are the disadvantages of two- 
ported engines? 

A. One disadyantage of haying bnt one 
port for each admission and ezhanst is that 
the cool expanded steam cools the metal of 
the port and lowers the temperature of the 
next admission. 

Q. How are cylinders and steam-chests 
generally protected from external radiation? 

A. By wooden **lagging" (made of strips 
held on by metal bands or covers) or by 
coarse hair felt with metal casing. 

Q. Is cork a good lagging for steam 
pipes? 

A. C!ork is a good lagging for steam 
pipe&if kept from charring by the interpos- 
ition of asbestos paper or asbestos blank- 
et. 

Q. What is the disadvantage of having 
the eccentric keyed on the shaft? 

A. Adjustment is very difficult 

Q. What is the disadvantage of having 
the eccentric fastened by set screws? 

A. They are liable to slip. 

Q. How is the amount of lead determin- 
ed? 

A. The proper amount of lead must be 
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determined by experiment with each en* 
gine. Twin engines run at differing speed 
rates or under differing pressores or with 
steam of differing dryness, require differing 
leads. 

Q. What is "setting*' slide valves? 

A. Fastening the eooentrics in proper 
position on the shaft (or axle) and adjusting 
the length of eooentrio rods and valve 
stems. 

Q. Where should steam lead be greatest, 
and why? 

A. Steam lead should be greatest on high 
speed engines and on beam engines, be- 
cause these are most likely to thump, by 
reason of their greater momentum. 

Q. Where should exhaust lead be great- 
est? 

A. Exhaust lead should be greatest with 
high speed engines and late cut-offl * 

Q. Which is generally greater, exhaust 
lead or steam lead? 

A. Exhaust lead is generally greater than 
steam lead, because exhaust lead has to re* 
lease all the steam in the cylinder, wlult 
steam lead is only to fill the clearance witK 
live steam. 
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Q. How should a slide valve be ground? 

A. In grinding a slide valve in which 
there are hollow plaoes, it is better to use 
water with the emerj or sand than oil; and 
kerosene is better than any other oil for 
this purpose. 

Q. What is necessary before either re- 
lease or admission can take place? 

A. The valve movement must exceed the 
exhaust lap before the exhaust is open; and 
must exceed the steam lap before admission 
can commence. 

Q. How may the port opening for any 
amount of valve movement, be calculated? 

A. To get the port opening for any 
amount of valve-throw, subtract from that 
throw, the steam lap or the exhaust lap, 
whichever governs the case. 

Q. What should be the rule for determin- 
ing steam port area? § 

A. The steam port area of an engine 
must be sufficient to give the steam ample 
inlet without wire-drawing, and exit with- 
out causing excessive pressure. The steam 
passages must not be so liTge as to cause 
excessive clearance. For a piston speed of 
600' per minute, the area of each port 
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ought to be about ^ the piston area, with 
ordinary steam; -^ will answer where the 
steam is very dry. For other piston speeds 
the area should be proporfionaL 

Q. What easy, approximate rule can you 
give for area of ports of ''square" en- 
gines? 

A. For ''square*' engines running 60(y 
per minute, with 55 lbs. mean effective 
pressure, two square inches of port area per 
horse power, or -^ square inch for every 
cubic inch of cylinder capacity, is about 
right; and other speeds and mean effective 
pressures, proportionally. 

Q. What is the objection to large port 
area? 

A. The objection to large port area is 
that it causes excessive clearance. 

Q. What is the objection to small port 
asea? 

A. The objection to small port area is 
that it causes excessive friction. 

Q. How is the steam port width deter- 
mined? 

A. The steam port width is found by divid- 
ing the necessary area by the greatest prac- 
ticable length. 
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Q. What are the objeotions to a very 
narrow ezhanst port? 

A. A very narrow exhanst port will choke 
the exhanst at the end of the valve stroke. 

Q. What are the objections to a very 
wide exhanst? 

A. Avery wide exhanst necessitates an 
unnecessarily long slide valve, and excessive 
friction. 

Q. "What is gained by having the steam- 
chest nnder the cylinder? 

A. The special use of having the steam- 
chest nnder the cylinder, is to free the cyl- 
inder readily of water of condensation, 
which would otherwise endanger the cylin- 
der heads. 

Q, What are the evils of too small crank 
pin diameter? 

A. Too slender a crank pin is liable to 
bend or break. 

Q. What are the objections to too large a 
crank pin? 

A. Too large a crank pin heats; one of 
the greatest troubles about a steam en- 
gine. 

Q. What objections to a very long crank 
pin? 



lU 



SiTFFIiEia&NT TO TSB 



Au AyexyloDg crank pin is liable to bend. 

Q. What is the disadvantage of a very 
short orank pin? 

A. A yeiy short crank pin has not 
enough bearing surface. 



« 




Fig= 9. 

Q. "What is the best proportion between 
fly-wheel weight and the work on the piston? 

A. Mr. N. J. Baffiord has examined into 
the best proportions between fly-wheel 
weight and the work on the piston; also 
the best place for the fly-wheel on the main 
shaft, as regards friction ; and the snperiori- 
iy, from this point of view, of the honzontal 
oyer the vertical engine. 
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Bnppofiiiig an engine carrying fnll steam, 
and with connecting rod of infinite length, 
and withoni fly-wheel, and snch equal work 
aa wonld be put on it by a completely nni- 
Ycrsal screw propeller. For each position 
of the crank, the work carried by the con- 
nectmg rod being constant in amount anddi- 
rection, the pressure of the shaft against the 
brasses would be constant, and the friction 
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Fig. 10. 
the same thxooghoiiC the whole reTolution,no 
matter what the inclination of the cylinder. 
Adding a fly-wheel, as in Fig. 9, near the 
crank, its weight comes into play. In the 
Teirti<»l engine this fly-wheel weight helps 
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or hindera the piston, aocording to the 
direction of motion; bnt this helping or 
hindering, in the case of the vertical engine, 
balance. SnpposiDg the same engine ar- 
ranged horizontally; there will be 40% 
more fly-wheel friction. 




Fig.. 11. 

Placing the fly-wheel in the middle of the 
shaft as in Fig. 10, then in the yertioal ma- 
chine only fifty per ceni of the friction due 
to the fly-wheel weight will be nentralized ; 
but in tiie horizontal engine, only 30%. 

Patting the fly-wheel at the otiier end of 
the shaft (Fig. 11) the fly-wheel friction will 
be twice as much in the yertical engine as 
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in the same engine with fly-wheel next the 

orank. 

Mr. Bafl&ffd applied these principles to 
the Woolf compound engine of the follow- 
ing dimensions, &c. : 

Stroke, 0.90 metres=35.433 in. 

Diam. L. P. cyL . ...0.40 " 15.748 '« 

" H.P. *• ....0.18 " 7.087 " 

«« Shaft 0.155 " 6.103 « 

« Flywheel 4.50 " 13.12 ft. 

Oon. Bod, 5 cranks long. 

Fressnre, 5 atmospheres =say 73.5 lbs. 

Oat-off at I stroke. 

Key. per min., 40 to 45. 

Theoretical ind. H. P., 60 H. P. 

Weight of flywheel, (see table.) 

The table gives in kilogrammeteors* 
the friction in the bearings, coming from 
the combined efforts of the pressure on the 
connecting rod, and the weight of the 
fly-wheel, under yarious conditions of fly- 
wheel position relatiye to the arank; and 
neglecting that of the shaft itself ; though 
taking into aooonnt the obliquity of the 
connecting rod : 

~U]ogrammeter eqnals.tn lfe.perftor s.oi6per 
yard. 
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No. 1, 
Vertical Engine, 


No. 2, 
Horizontal Bnglne. 


Wheel 

tltlon 

mart. 


Flywheel 
weighing 
2ID0kUogf 


Flywheel 
weighing 

4jauohiogt 


Fly wheel 
weighing 
2400 kllog 


Flywheel 
weighing 
4800 kUog 


k^s 


Friction 
InkllogS 


Friction 
InkUog 


Friction 
iQiniog 


Friction 
m kllog 


By the 


10S.6 


140. 


117.5 


182L2 


Middle of 
shaft 


188.4 


172.2 


189.6 


184.8 


Opposite 
crank..... 


17S8.6 


289.2 


172.5 


289.2 



This table sbo^s how much the friction 
can yarj according to the disposition of 
the parts of the machine; and that 
the vaOriation can run as high as 991dlo- 
grammeters per tnm in an engine of about 
80 H. P., eyen when the stroke is long aa 
compared with the cylinder diameter. 

This variation is considerably increased 
with the work in the pistons ; that is to 
say, when with the same nominal power, the 



t4,89in)B.aT. t9,7881b6. av. 
S Kilogram equals 2.2046 lbs. aYOtrdupols; 
ayolrdupola equals 0.45859 kllQgrama. 
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stroke is diminished aad the fly-wheel 
weight inoreased. 
The Woolf ** pendulum" engine with fly- 






Fig, 12. 
wheel near the oonnecting rods (see Figs. 
12, 13, 14,) and vertical cylinders, permits of 
reducing or even completely neutralizing 
fly-wee^ friction. 
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Q. Wliat is the best place for the fly- 

wheel on the main shaft, as regaros friction? 

A. Next the crank. See account of 




Fig 13. 

BafiGeird's experiments, page 114. 

Q. Which has the least fly-wheel fric- 
tion, a horizontal or the yertical engine^ 
other things being equal? 
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Fig. H, 
A. TtiB vartioiiL Sea aooonnt of Bat- 
bid'i e^ieiiiaeiits, page 114, 
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OABB AND USE. 

Q. When and how should the valves be 
finally set? 

A. The valves should be finally set by 
reference to indicator diagrams, and while 
they are hot. 

Q. What is the best way to keep piston 
valves tight? 

A. The best way is to bore the valve 
chamber accorately, make a good plug fit, 
and when leaks commence, rebore and make 
a new valve. 

Q. How can slide valves be cored of 
wearing curved? 

A. Slive valves that wear curved can 
generally be prevented from that sort of 
thing, after valve and seat have been planed 
up, by using a *' back rod '* as a guide ? 

Q, How may cutting of cylinders and ex- ». 
cessive friction be lessened? 

A. Dry plumbago will improve the run- 
nmg and decrease the cutting of steam en- 
gine cylinders. 

Q. How may wire drawing be les- 
sened? 

A. Wire drawing may be lessened by the 
use of double eccentrics and *< gridiron 
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slide yalves, and by increasing the area of 
steam ports and passages. 

Q. How may wire drawing be avoided? 

A. Wire drawing may be avoided by us- 
ing the Corliss types of valve gear, where 
the admission valves are suddenly opened 
and closed* 

Q. What may be said of the practice of 
having the parts of an engine " about true 
enough" rather than absolutely true? 

A. The only place for a piston rod is in 
the exact centre of the piston and of the 
cylinder; the only position of the crank 
shaft is absolutely at right angles with the 
cylinder axis, and the crank pin should be 
absolutely in line with the shaft. 

Q. How should the guides be lined up? 

A. Guides on steam engines should be 
lined up by the bore of the cylinder and not 
by the counter bore. 

Q. Which wears an engine out most, for 
a given piston speed, frequent reciproca- 
tion or fast rotation? 

A. An engine wears out by the recipro- 
cation of the parts rather than by the rota- 
tion of the wheel and shaft. 
. Q, What is "lost motion ? " 
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A. Lost motion is Icoseness of parts 
which are supposed to prevent fixed rela- 
tive positions. Thus, if the connecting 
rod have lost motion at the cross head pin 
the piston starts and ''takes up" that 
looseness before it moves the connecting 
rod. 

Q. What often causes jarring at the time 
of cut off? 

A. Having an overhead supply pipe with 
a right angle in its horizontal portions. 

Q. How may the pound in an engine be 
located ? 

A. The pound in an engine may be locat- 
ed by placing one end of a piece of ^^ wire, 
8^ long, in the teeth and applying the other 
to each end of the crank shaft bearings, 
cylinder, etc. Where there is most shock 
there will be the pound. 

Q. What is the probable cause of pound- 
ing when the crank is on the dead cen- 
tre? 

A. Pounding at the end of the stroke 
when the crank is on the dead centre may 
come from a ridge in the cylinder, or at the 
guide bar end, or from the connecting rod 
brasses not being keyed up tight enough. 
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Q. What is the probable cause of pound- 
ing at half throw? 

A. Pounding when the crank is at half 
throw will not be caused by any of the 
above, but will be apt to be occasioned by 
the crank pin not being parallel to the 
crank shaft, or from one or the other of the 
crank shaft journals being low. 

Q. Where do horizontal piston rods wear 
most? 

A. horizontal rods wear most in the mid- 
dle; the ends wearing elliptical ("oval*' so 
called) ; the back end wearing most on the 
bottom and the crank end most on the top 
(where the engine throws under this is re« 
versed.) 

Q. What are the requisites of a piston rod 
packing? 

A. A piston rod packing must allow the 
rod to move freely up, down or sidewise 
with little friction, with little wear of the 
rod or of the packing; and must make a 
steam tight joint under the highest pressure 
that there will be found in the cylinder. 

Q. What defects are we likely to find in 
jnston rods that are out of true? 
A. Pistons are apt to be out of centre, to 
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be onfc of round and crooked; either one or 
the other, and sometimes all three; in ad- 
dition to which they are apt to be smallest 
in the middle, and the back end will be 
worn most upon the bottom and the crank 
end most upon the top. 

Q. What are the principal causes of pis- 
ton red packing and valve stem packing 
being in bad condition? 

A. Among the principal causes of rod 
packings being in bad condition are ^ces- 
sive speed, and steam pressure; lack of 
alignment; crooked or bad rod; too short 
stuffing boxes; packing of inferior kind or 
quality, or badly put in, or insufficiently 
cared for; and in the case of the piston rod 
packing, leaky piston or too little clear- 
ance. 

Q. What are the effects of high pressure 
on many rod packings? 

A. High pressure, generally accompanied 
by high speed, and always by high temper- 
ature, causes baking and abrasion of 
many x>ackings, especially fibrous vegetable 
ones. 

Q. What does lack of alignment do to 
rod packings? 
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A. Lack of alignment pnts excess of pres- 
sure on one side of the packing and tends 
to wear it ont rapidly at that side. 

Q, How do crooked rods affect pack- 
ings? 

A. Crooked rods put sadden pressures 
first on one side and then on another, of the 
packings, and unless they are adjustable^ 
tend to tear them out. 

Q. What precaution should be taken in 
the use of fibrous piston rod packing? 

A. If fibrous material be used, care 
should be taken lest it contain grit, which 
will scratch the piston lengthwise and 
cause channels for the escape of steam, 
besides making more friction. 

Q. What rule is there for thickness of 
coil packing? 

A. Coil packing should be in thickness, 
half the difference between the diameters 
of rod and box. Thus a 3'' rod in a 4|'' 
box requires }" packing. 

Q. What is the effect of cutting the rod 
packing rings too long? 

A. If the rod packing rings are too long 
they will not hug the rod, and the packing 
will not be steam tight. 
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Q. "What is caused by catting the rod 
packing rings too short? 

A. If the rod packing rings efe cnt too 
short they will not meet, and leakage will 
result. 

Q. What is the proper procedure in 
packing a staffing box ? 

A. In packing a staffing box with coil 
packing, pat in as mach packing as will 
jast aUow the gland to enter; screw ap 
hard; then slacken. 

Q. What should be done if the eccen- 
tric straps heat ? 

A. If the eccentric straps heat, the bolts 
should be slackened a yerj little; and when 
the engine stops the straps should be 
removed and scraped (not filed) to a true 
and smooth surface. 

Q. What is the best cure and preven- 
tion of heated bearings ? 

A. Good dry "air floated" plumbago 
(black lead; graphite) free from grit, will 
cool any hot bearing that anything else 
will, and will prevent heating, better than 
anything else which we have ever seen. 

Q. How can bright work best be pro- 
tected? 
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A. Bright "Work may be much better 
protected bj tallow and lime than bj white 
lead and tidlow. In any case there should 
be an excess of tallow, so that the covering 
may be readily wiped off with waste. I have 
used the German putz-pomade for brass 
and nickel plate, with great satisfaction. 

Q. How can bright work be freed from 
rust? 

A. Crocus cloth properly used, with a 
soft pine stick, removes rust from bright 
work before it has time to get deep into the 
material, and should be kept in every en- 
gine room. It must be remembered that 
rust breeds rust 

Q. How should tight nuts be moved? 

A. By first loosening them with coal oil, 
if rusted. 

Q. How often should indicator cards be 
taken? 

A. Indicator cards should be taken daily 
from every engine of twenty -five H. P., or 
over. They pay in time, money, freedom 
from annoyance, &c. 

Q. ' What important memoranda may be 
made concerning the care and use of the 
indicator? 
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A. Test your indicator by some standard 
gauge before taking any cards. Never con- 
nect the indicator to the blow-off hole in the 
cylinder. Indicate both ends of the cylin- 
der, and the steam chest as well. 

Q. What is the advantage of a small 
steam chest? 

A. A small steam chest gives the throttle 
better control of the engine than a large 
one, because if there is a large one 
the steam therein may act by expan- 
sion between the point of complete throt- 
tling and that at which the lap of the valve 
causes cut-off. A small steam chest has also 
to recommend it, that it decreases loss of 
temperature and pressure from condensa- 
tion. 

Q. What may be said of the carrying pow- 
ers of steam pipes of different diameters? 

A. Doubling the diameter gives six 
times the carrying power for long distan- 
ces, as proved by the experience of the New 
York Steam Heating Co. 

Q. What should be the diameter of fhd 
exhaust pipe? 

A. The exhaust pipe should be double 
the area of the steam pipe. 
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Q. How may tho exhaust be deadened? 

A. The exhaust of an engine may be 
deadened by running it through a large 
box filled with perforated heads, or with 
ordinary pebbles all of one size. If the 
box is large there will be no back pressure 
made. Another way is to utilize the ex< 
haust to heat the feed water. 

Q. How are slide valves and seats fin- 
ished? 

A. By planing, then filing, and scraping 
8o that every part of the valve face touches 
the seat, in all positions of the valve. 

Q. What objection is there to oast 
orankB? 

A. Cast cranks will not permit of shiink* 
ing the crank pin in the eye, without dan- 
ger of cracking.. 

Q. Are half round brasses in connecting 
rod ends, good things? 

A. Half round brasses in connecting rod 
ends must have been designed by old 
Clootie. Avoid their use. 

Q. Which is the greater cause of crank 
pins heating; increase of speed or increase 
of pressure? and why? 

A. Within certain limits, an increase in 
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speed heats the crank pin more than a pro- 
portionate increase in pressure, because it 
expels the lubricant more rapidly. 

A. What is the best way to pat in a 
crank pin? 

A. The best way to put in a crank pin is 
to taper it a little and drive it in slowly by 
hydraulic pressure. 

Q. How may the shock of a sudden ad- 
mission of high pressure steam be neutral- 
ized? 

A. By making the piston and cross head 
very heavy so that the shock will be ab- 
sorbed by reason of the inertia of the then 
motionless or nearly motionless mass of 
metaL 

Q. Is the velocity of the crank pin and 
fly wheel constant at all parts of the stroke? 

A. It should be; and is, practically. 

Q. Is the velocity of the piston the same 
at all parts of the stroke? 

A. No. 

Q. Is the variation of the velocity of the 
piston regular or irregular? 

A. Begular. 

Q. When is the velocity of the piston the 
leaat? 
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A. At stroke ends, when it is absolutely 
nothing. 

Q. When is the velooitj of the piston the 
greatest? 

A. When it is a little ahead of mid-stoke 
on the forward stroke of a stationary en- 
gine, and a little behind mid-stroke on the 
return stroke. 

Q. What is the TnaTimunfi speed of the 
piston? 

A. The maTimum piston sx>eed is about 
^* of its mean speed. 

MISGEUJANEOUS. 

Q. What are the advantages of steei 
piston rods? 

A. Steel piston rods have to recommend 
them — greater smoothness than wrought 
iron rods and greater stifihess for a given 
diameter; or for a given stiffness — ^less 
weight and less reduction of the effective 
area of the piston on the crank side. 

Q. How is the piston rod fastened to the 
piston head? 

A. Its end is tapered and passes through 

8.1416 
'Accurately —1.8708. 
2 



134 QuTPuaaEST to the 

a tapered hole in the piston head. The ta- 
per prevents its being pushed through too 
far, (even if there be no shoulder, as there 
generally is) and a key or a nut prevents its 
being pulled out. 

Q. How is the piston head of a large 
engine generally oonstructed? 

A. Of two cast iron (or bronze) pieoes; 
one a * < spider, " to which the rod is fastened; 
the other a ** follower plate " bolted to the 
spider by "follower bolts." 

Q. How is the piston made to work 
steam tight in the cylinder bore? 

A. By ** packing" of one kind or an- 
other, in suitable circumferential grooves. 
Sometimes hemp strands are employed. 
Most usually there are cast iron split rings 
set breaking joint and spring into the 
grooves in the spider. These rings are 
kept out by either their own elasticity, or 
the steam pressure in the cylinder, or 
springs within the spider. 

Q. How are the piston rod and the 
valve stem generally made to work steam 
tight in the cylinder head and valve chest 
end, respectively? 

A. By passing them through a stuffing 
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box, consisting of a oylindrical ohainber 
sorroanding the rod or stem, so as to leave 
an a-mrnlftr space, which is filled with pack- 
ing material, (vegetable or metal) and the 
pressore of which against the rod is adjus- 
ted by a <* gland," fitting outside the rod 
and inside the stuffing box, the depth to 
which it penetrates, being regulated either 
by bolts or by the stuffing box and the 
gland being threaded. 

Q. What should be required of rod 
packing? 

A. Bod packing should accommodate it- 
self without undue wear of rod or packing, 
to crooked, tapering, and fluted rods. 

Q. How is the piston rod attached to 
the cross head? 

Jl By its end being tapered and inser- 
ted into a tapering hole in the cross head, 
and held in by a key. 

Q. How is the connecting rod attached 
to the cross head? 

A. To a pin, generally called a turiat 
jnUy and cast in one piece with the cross 
head, each end bearing in one side of the 
'< fork " of the cross head. (In the Straight 
Line engine the wrist pin is fast in the 
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oonnecting rod end and tamB in bearings* 
at each end, in the cross-head, fork) 

Q. Which guide wears the most, in a 
horizontal engine; and why? 

A. In a horizontal engine which *' runs 
over," the bottom guide wears the most, 
because on the out stroke the cross-head 
end of the connecting rod bears down, the 
connecting rod being in compression, and 
the crank pin above the center line; and on 
the return stroke the connecting rod is in 
tension and the crank pin below the center 
line, so that the cross-head end of the oon- 
nectmg rod is then pulled down. 

If the engine ''runs under" as in a loco- 
motive engine when going ahead, the top 
guide gets the most wear. 

Q. What may be said of the width of 
piston rings and piston-valve rings? 

A. Piston rings and piston-valve rings 
should be wider than the ports which they 
pass, to prevent their catching in the lat« 
ter. 

Q. What are the ways of cutting piston 
packing rings? 

A. The usual way is by a straight diar 
gonal cut but this opens out as the cylin- 
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der bore enlarges. We prefer a oat in 
this shape: 



L 




Q. What principles should be carried 
out in regard to designing and making 
piston heads? 

A. "The piston head should be deep 

enough to insure tightness, durability and 

good alignment, -without being uudulj 

heavy, especiallj in vertical engines. It is a 

good plan to make it of two portions cast 

from the same pattern, but one having turned 

on it a hub corresponding to a recess in the 

other. These two may be bored parallel, 

smaller than the rod, which is to be turned 

down parallel to fit the hole accurately, 
oare being taken to leave no square comer 

at the junction of the full-sized and the 

reduced portions. It is cheaper to bore 

parallel than to turn the rod taper and ream 

a taper hole. 

<' The ring should be cast larger than the 

head; three water grooves turned in it, and 

a sufficient portion cut out diagonally to 

bring it down to the right diameter "^hen 
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sprang in to the recess tamed for it in the 
head. " — Power. 

liUBBIGATION. 

Q. How should lubricants be regard- 
ed? 

A. Lubricants should be regarded as 
money savers, not as necessary evils. They 
should not be selected because of cheap- 
ness per gaUon, but by reason of fitness for 
the special purpose. 

Q. Will good lubricatiou save steam and 
fuel, or only ensure cooler running and 
greater durability of the engine? 

A. I have for some years been trying 
to persuade the average lunkhead engine- 
owner and pig-headed *< engineer" (cour- 
tesy title, in too many cases of which all 
know, for '< starter and stopper") that there 
is no economy in first sloshing an engine 
all over, inside and out, with oil and then 
letting it run dry and cutting; that it takes 
more oil, more coal and more repair-bills, 
(to say nothing of time lost from shut 
downs) than where a decent lubricating 
device is used. But it is rarely that even 
with a good ooal saving as a test I can 
prove the fact 'Tis a fact all the same. 
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Q. What should be the characteristics 
of a good lubricant? 

A. A lubricant should have body enough 
not to be squeezed out under great pres- 
sure; and jet be fluid enough to enter 
between tightly fitting bearing surfaces; 
should be a good conductor of heat, and have 
a high power of reducing friction. It should 
not be liable to decompose in the air or in 
use nor to corrode the bearings and journals, 
&c. It should vaporize at a high tempera- 
ture and chill or thicken at a low; and of 

course be free from grit and adultera- 
tion. 

Q. What are the best lubricants? 

A. Sperm is the best general lubricant, 
but for a given friction-reducing power 
costs too much. It is generally better to 
pay half as much for a lubricant with two- 
thirds the anti-frictional and durable qual- 
ities that sperm has. 

For light bearings the most fluid oil that 
will remain in place is the best. 

Lubricants should adhere naturally to 
the bearing metal. In this respect mineral 
oils are flrst, then sperm, then neats-foot 
and then lard. 
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Q. What is the effect of heat on lubri- 
cants? 

A. Bearings should never be allowed to 
commence to heat^ as heating reduces the 
consistencj of lubricants and causes them 
to squeeze out and cause still more heating, 
and so on. 

Heating should be prevented^ rather 
than cured. It cracks, distorts and abrades 
the surfaces in contact; and even sets fire 
to the lubricant; overheating, softening 
and weakening both the journal and the 
bearing, and even welding them together. 

Q. Does it pay to use poor lubricants? 

A. No. A saving of 10% in cost of lub- 
ricants has been shown by the indicator to 
cause an increase of 10% in the more im- 
portant item of coaL 

Q. What are the legitimate uses and 
proper modes o{ use of oil cans? 

A. Oil cans have their legitimate uses 
and modes of use. They are not intended 
to squirt oil at an oil hole; but where it is 
necessary to oil through a small orifice the 
nose of the spout should be put in the hole, 
not simply near it. The <* illuminating oil 
can" seemed to be one of the — ^the very 
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few — things which really " filled a long felt 
want;" but for some reason or other it has 
not got to general public knowledge, much 
less into general public use. 

Q. How may hot bearings be cooled 
down? 

A. Sulphur and grease have a cooling ten. 
dency upon hot bearings. This is probably 
because the fine metallic dust formed by 
the hot journal combines with the sulphur 
to form a greasy sulphide. 

Q. How should the guides and slides be 
oHed? 

A. From cups on the cross head and 
also from stationary cups on the slides. 

Q. What is a good way to oil crank pins 
and their brasses? 

A. By having the crank pins bored and 
drilled for oil passage and connected with 
an oil tube parallel with the crank and ex- 
tending as far as the center of the main 
shaft, where it has a filling cap. The fas- 
ter the crank turns, the greater the centri- 
fugal force tending to drive the oil from 
the dosed end at the shaft center, to the 
crank pin end. 

Another good way is by a wiper on the 
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orank, which licks a drop of oil from a 
metal or other strip, fed from an oil cup, 
every time the crank goes over. 

Sometimes there are "oil cellars" at- 
tached to the under side of the straps; these 
being metal boxes filled with oiL 

Q. How may the crank pin of a portable 
engine be kept oiled? 

A. A simple arrangement for oiling fhe 
crank pin of portable engines is to make it 
of a steel tube, and fill it with tallow. By 
this means it may be made a perfect self 
oiler. 

Q. How should oil be supplied to the 
cylinder? 

A. Oil should be supplied to steam cyl- 
inders continuously and in small quantities. 
Attention to this will result in saving lubri- 
cant and in keeping the cylinder in better 
condition. 

Q. What can be said of cylinder oils 
containing mineral oils? 

A. Cylinder oils containing mineral oil 
are apt to be entirely free from all honey- 
combing action on the valve seat and cylin- 
der wall; but when the piston has insufiSl- 
cient bearing surface, and the pressure is 
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great, they sometimes have not enongh 
**body " to prevent cutting. 

Q. What can be said of cylinder oils 
for high pressures and high speeds? 

A. Cylinder oils for high pressures and 
speeds should be better than those for low. 
This is seldom the case. Tell your oil 
dealer what you need and see that he gives 
it to you. 

Q. How should cylinder oils be test- 
ed? 

A. The only way to test a cylinder oil 
is by an indicator, in the cylinder of an 
engine (preferably the one on which it is 
desired to use it) under the speeds and in- 
itial pressures of everyday use. Bun the 
engine with some standard oil, as lard, tal* 
low, &c., take friction cards and load cards; 
then run for a day with the oil to be tested, 
and then commence taking cards, with the 
same load on as before. 

[The following query was made in refer- 
ence to the question in the Catechism, oon- 
oeming light piston headver^t^ light cylin- 
der head:] — 

Q. Isn't there a misprint on page — of the 
Catechism where you state that a piston 



144 SUFFLEMENT TO THE 

fieiid should be made light, so that, if it 
brought up against something, it would 
break instead of the cylinder head? This is 
contrary to locomotive and marine engi- 
neering. Spme locomotive builders torn a 
narrow groove between the joint and bolt 
holes. Here on the Mississippi the flange 
on the head is made from i" to i" less in 
thickness than flange on cylinder. I think 
smashing the piston wrecks the engine more 
than smashing the head, because you can 
make a wooden cylinder head do, but a 
wooden piston would not last long. 

A. The light head was advisedly recom- 
mended; for engines having late out off be- 
cause it has less inertia, hence reverses more 
eadly than a heavy head; it should be cheap- 
er to replace than a cylinder head; and the 
risk of the cylinder itself is something worth 
considering. It is a common thin^ in lo- 
comotive and stationary engines to have a 
heavy piston not only smash the cylinder- 
head but tear out. part of the flange and 
wall of the cylinder proper. The narrow 
groove between joint and bolt holes is pro- 
bably for the purpose of laying in a copper 
wire, to make a tight metal joint, or letting 
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a rubber gasket fill in. The flange on the 
head should be thinner than that on the 
cylinder, to cause the head flange to break 
rather than the cylinder; and the piston head 
should be lighter than either. A wooden 
piston would run for a while as well as a 
wooden head; the greater the diameter, the 
more this is so: and the consequences of 
running a wooden piston head are muchless 
severe than those of blowing out a wooden 
cylinder head; particularly on shipboard, 
where there is more risk of scalding the 
engineers to death and causing a panic 
among passengers. A wooden head for the 
crank end of the cylinder would be dijQicidt 
to get up and supply with stuffing box. 

The following communications on this 
subject appeared in Power for September 
1885. 

Messrs Editobs: — ^In reference to the 
subject, (page 153, of Poweb, for August) 
of light piston heads vs. weak cylinder 
heads for quickness and cheapness of 
repair, in case of smashing by their coming 
together or getting water, nuts, etc., 
between them; — the question seems to be 
raised whether the cheapest of the two 
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parts named should not be nutde the weak- 
est, and enough so to be certain to break in 
case of any of the accidents alluded to, and 
to break easily enough and completely 
enough to save the piston from all damage. 
Unquestionably^ it would be preferable 
that only one of the parts should be dam- 
aged rather than both, and also that the 
part broken should be the cheaper one. 
But unfortunately, the part most difficult 
to save by such means, namely the piston, 
is the most expensive one. If only water 
was to be provided for, it would be a mat- 
ter of no difficulty to make the parts of 
such relative strength that tHe head would 
yield, but when a nut gets in it falls to the 
bottom and catches the piston where it is 
weakest and the head where it is the strong- 
est, and if the latter were made so weak 
that the rod would not even be bent it 
would not be strong enough to properly 
resist the working pressure, still less those 
occasional whacks on a little water that 
impose considerably more strain on the 
parts than that due to the steam pressure, 
yet far from enough to do any damage to 
parts ixiade reasonably strong. But since 
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water is by iar the most frequent mischief 
maker, it may be asked, why not provide 
for it ? To this it may be answered that 
unless the piston was made very massive 
and strong the degree of weakness ia the 
head necessary to insure its breakage 
woidd be such that the legitimate stress 
from steam pressure with the help of the 
frequent light water concussions that all 
engines are liable to, would be sufficient to 
gradually < 'fatigue" the metal of the heads, 
that is, to gradually weaken it, so that it 
would, in time, give out from ordinary ser- 
vice. To avoid this * 'fatigue" is the 
fimction of the "factor of safety," well 
known to constructing engineers, which is 
generally placed at about five times the 
estimated breaking strength. 

Still it may be said that given a piston 
with a factor of safety of, say ten, the head 
might have the required factor of safety of 
five and still be certain to breaJs easily 
enough to save the piston, which is proba- 
bly true. The difficulty in the way of 
obtaining the proper strength is that it 
would be almost impossible for the designer 
to determine it theoretically on paper, with 
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sufficient accuracj. Every different size 

and design of engine would have to have 

several of its heads broken by hydraulic 

pressure, enough, in fact, to ascertain not 

only the proper strength for a given quality 

of iron, but also the margin of uncertainty, 

arising from the unavoidable variation in 

the strength of the iron used. 

A far better plan for such engines as 

contain distributing valves that -will not 

yield to dangerous water pressures is to 

provide them with spring valves that will 

yield to a pressure slightly in excess of the 

maximum working pressure. Then neither 

piston nor cylinder head will be broken. 

J. W. Thompson, 

with Buckeye Engine Co. 
Salem, Ohio. 

Mr. Wm. Lee Church, M. E., formerly 
with the Buckeye Engine Co., and now of 
the firm of Westinghouse, Church, Kerr & 
Co., (Westinghouse and Beynolds-Corliss 
engines) says: — 

''Personally I am of the opinion that less 
damage results in horizontal double acting 
engines from breaking the piston than from 
breaking the cylinder head. The piston is 
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apt to break np into small pieces and the 
subsequent movements of the rod under 
the action of the fly wheel will not usually 
do any damage. If the piston is made so 
strong as to wreck the cylinder head it is 
sometimes apt to crack the cylinder itself 
under the flanges. This will almost assur- 
edly take place if the breakage occurs when 
thej>iston is moving towards the shaft. 
With the Buckeye engine we used to habit- 
ually make the piston the breaking piece; 
with a single acting engine, however, like 
the Westinghouse, all danger of breakage 
is necessarily on the up stroke, and we 
therefore make our pistons very strong aod 
weaken the head artificially by a x>op-out 
plug." 

Mr. Wm. A. Harris takes the opposite 
view of the case; as may be seen by the fol- 
lowing: — 

Mbssbs. Editobs: — In my judgment, it is 
preferable to have a weak cylinder head in 
preference to the piston head, as in the lat- 
ter case, if the piston was wrecked it woidd 
cut the cylinder, and very likely destroy it, 
while if the cylinder head was the weakest 
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and would give way, you wotdd save your 
cylinder. 

WhJ^IAM a. HABRTfl. 

Providence, B. L 

Q. Can any table be got up, showing the 
prox>ortional average effective pressure in 
engine cylinders, when the point of cut-off 
is given? 

A. No, because that varies with the clear- 
ance, the back pressure, etc., as well as 
with the point of cut-off, etc. Separate 
tables would have to be made for each 
clearance, for each initial pressure, and for 
each back pressure. 



Cut off. 


Act. Exp. 
Kate. 


Hyp. Log. 


Av. Tot. P. 

Above Vao. 


Term.Pres. 
Above \ao. 


.10 


7. 


1.94« 


0.2446 


0.1428 


.125 


6. 


1.792 


0.2990 


0.1667 


.15 


6.25 


1.658 


0.3487 


0.1905 


.20 


4.2 


1.435 


0.4870 


0.2381 


.25 


8.5 


1.258 


a6188 


0.2867 


.30 


8. 


1.09» 


0.5797 


0.8888 


.833 


2.741 


1.007 


0.6190 


0.8808 


.875 


8.470 


0.903 


0.6640 


0.4049 


.40 


2.333 


0.846 


0.6884 


a4286 


.5 


1.907 


0.645 


0.7725 


0.5244 



The table above gives the actual ex-^ 
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pansion rate, and its h^erbolio logarithm, 
the proportion of average total pressure 
aboye yacnum, and absolute terminal pres- 
sures, to initial pressure aboye yacuum, for 
each of seyend points of out off, with S% 
clearance at each end (engine non-condens- 

Q. Qiye full description of how you 
would proceed to set up a CSowdrey four 
cylinder engine if eyery piece was separat- 
ed from the other. 

A. Take the pistons, insert the pitmans 
in them, and "paaa the pins into the holes 
in the piston heads, then place the steam 
ring on the piston and screw the caps down 
firmly; place the pistons in the cylinders, 
holding the topmost one in place, by shoy- 
ing the pin, that holds the pitman, out a 
littie, so that the pin extends oyer the top 
of the cylinder, and then shoye the shaft 
into the inner bearing; then bring the 
inner ends of the pitmans to their seat on 
the crank pin, and place the rings around 
them and bolt them. Then place the 
lower half of the drum coyer in position, 
and loosely fasten it, then the upper por- 
tion, and likewise fasten it, then bolt the 
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two halves together, and then the whole 
cover to the dram. Then place the round 
valve upon the pin that projects into the 
steam chest, and place the cover on and 
securely fasten it. If the engine is reversi- 
ble, place the reverse valve inside the rim 
or box, screw the lever on, place and bolt 
the cover, and after making the necessary 
connections to the boiler, set the oil cups 
to feeding properly, and the engine is 
ready to start. 

Q. In what position, relative to the main 
crank, should the valve crank be to work 
steam full stroke? 

A* At a right angle. 

Q. How would you increase the lap ? 

A. By turning the valve pin away from 
the crank pin. 

Q. How can the main, or round valve, 
be made to properly admit and release 
steam, if it has any lap? 

A* By setting the valve pin so that the 
outside and inside of the valve expose an 
equal portion of the opposite ports. 

Q. Why is it not necessary to fasten the 
pins that hold the pitmans in the piston 
heads? 
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A. Because the cylinders form guides 
and contain no openings which they must 
pass. 

Q. One Oowdrey four cylinder engine is 
equal, in area, to how many engines of the 
ordinary type with same bore and stroke, 
and taking steam on both ends ? 

A. Two. 

Q. Describe the valve, and how it is bal- 
anced. 

A. A disk with openings near its center, 
fitted with a steam packiDg ring, and en- 
closed on both its faces, and balanced by 
having steam on its circumference and 
there only. 

Q. Describe the Oowdrey reversing 
valve, and how it is balanced. 

A. A roimd ring fitted with a steam 
packing ring, and laid upon its side, and 
balanced by having steam only on the in- 
side. 

Q. State how the reverse valve produces 
a reverse motion of the Oowdrey engine. 

A. By opening the former steam chest to 
the exhaust, and carrying steam to the in- 
side of the valve, where it finds communi- 
cation with the opposite cylinder, 
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wKose piston is in mid stroke, checks its 
return to the end, or outside, of the cylin- 
der, and sends it in the opposite direction. 

Q. How would you increase the com- 
pression on a Cpwdrey engine without al- 
tering the lead ? 

A* By increasing the thickness of the 
metal on the inside of the yalve. 

Q. How would you increase the lead of 
a Cowdrey engine without altering the 
compression ? 

A* By reducing the circumference of the 
valve, 

Q. What is the Campbell exhaust con- 
denser or exhaust head? 

A. This device is intended for use with 
non-condensing engines as an exhaust-pipe 
head. It is intended to facilitate the con- 
densation of the steam by providing a con- 
densing chamber with an opening for the 
admission of air, so placed that the steam, 
when entering such chamber, will draw 
cold air in with it, which air, mingling with 
the steam, will cool it off and also cool the 
condensing surfaces, whereby the conden 
sation is greatly increased. Provision is 
made to collect and carry off the condensed 



Stoam Ekginb Catbcihisic 155 

"snkiet without escape throngh. the air inlet, 
thus depiiying the steam of the moisture, 
and preventing the scattering of \cater or 
moisture on roofs and neighborhood, 
which causes so much damage and often 
becomes a nuisance. It is stated to relieve 
back pressure, and to produce great saving 
of feed-water by returning it. It is 
claimed that the escaping steam is drj and 
almost noiseless. 

JAGKBnNG. 

Q. Suppose that there was just as much 
condensation in a steam jacket as it pre- 
vented in the cylinder, what would be the 
benefit of the jacket ? 

A. It would increase the power, or 
''capacity," of the engine. 

Q. What should be done with the "con- 
dense" from the steam jacket ? 

A. It should be returned to the boiler 
at once, while hot. 

Q. Do the pressure and temperature in 
the steam jacket vary during the stroke ? 

A. No. 

Q. How is the exhaust jacket applied in 
compound engines in the British navy? 

A. In the compound engine at present 
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so largely employed in the British navy, 
the cylinders, outwardly, are the same 
diameter, but the high-pressure cylinder, 
as previously mentioned, is generally made 
about i less in area than the condensing 
cylinder. The space round the actual 
high-pressure cylinder is used to re- 
ceive its exhaust steam until the valve of 
condensing cylinder opens to admit it, as 
the pistons do not move simultaneously, 
owing to the cranks being at right angles 
to each other. 

FBESSX7BES, TBHPEBATUBES, AO. 

Q. In what way is steam ''elastic?" 

A. It is ''elastic" when compressed, 
not when the volume of the vessel which 
contains it is increased. But it tends to 
act as a cushion spring if compressed. 

Q. What is meant by steam being 
"condensible"? 

A. It may be rapidly condensed 
(reduced to the form of water) by the 
sudden influence of a cooling body as 
water or a cold metallic surface, or it will 
slowly return to that state if left to radiate 
heat to the air through the walls of a 
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cylinder or pipe without receiving an 
additional supply of heat. 

Q. What is dry steam? 

A. Dry steam is that in which there 
is no unevaporated water, but which is no 
hotter than saturated steam, that is, no 
hotter than the boiling point corresponding 
to the pressure. 

Q. What is the difference between a 
gas and a vapor? 

A. A gas requires great pressure and 
very low temperature to reduce it to a 
liquid form; a vapor is liquefied at ordinary 
temperatures. 

Q. What then is a vapor? 

A. A vapor is any substance in the 
gaseous condition, at the greatest density 
consistent with that condition. 

Q. Is there an ''absolute zero" of tem- 
perature? 

A. Beasoning fixes an ''absolute zero" 
of temperature at that point where gaseous 
elasticity disappears =• 
-461. 2** Fahr. 
—274° Centigrade. 
—219.2'' Reaumur. 

Q. What is specific heat? 



/" 
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A. The specific heat of a body is its 
capacity for heat; the quantity of heat 
required to raise its sensible temperature 
1° F., as compared with the amount 
required to raise an equal weight of water 
from 32** F, to SS** F. 

Q. What is a * *heat unit" ? 

A. A British ''heat unit" is the amount 
of heat required to raise one lb. of watei 
from 3^F. to-3^ F. 

Q. Does it not take as much heat to 
raise one lb. of water from 32° F. to 33'* 
F. as to raise it 1° at any other point of 
the scale? 

A. No. It takes \\% more heat, for 
instance, to raise one lb. of water from 
212° F. to 213° F. than from 32° F. to 33° F. 

Q. Does the specific heat of other sub- 
stances than water vary with the tempera- 
ture? 

A. The specific heat of all so called ''per- 
manent gases" is practically constant for all 
temperatures and densities; the capacity 
for heat of any one gas, is about the same 
at all temperatures. 

Q. Of what use are the "specific heats" 
of substances to us? 
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A. By knowing the specific heats of 
their constituents "we may calculate the 
heating power of fuels, &c. 

Q. Of what practical use is it to calcu- 
late the heating power of a fuel? 

A. By getting an average sample of any 
fuel analyzed, the amount of steam at 200'' 
F. which a pound thereof should make from 
water at 212*^ under theoretically perfect con- 
ditions can be calculated; and the amount 
of air needed, can be ascertained. Then 
the valye of one fuel found, compared with 
that of another; and that necessary to per- 
fection of action of the boiler be found out. 

Q. What is latent heat? 

A. Latent heat is heat which has dis- 
appeared or Ues hidden. For instance, in 
evaporating one lb. of water at 212'' F. and 
under a pressure of one atmosphere =14. 7 
lbs., 966.1 heat units disappear become la- 
tent.* 

Q. Of what practical use is a knowl- 
edge of the latent heat of water? 

A. Among other applications I may 
mention reducing the evaporation-rate of a 
boiler to a standard from and at 212^ 

'Besnault. 
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Thus having obtamed the total heat of 
evaporation at the actual temperatures of 
feed water and of steam, dividing that 
total heat hy 966 gives a multiplier by 
■which the weight of water actually evapo- 
ated by each pound of fuel is to be multi- 
plied to reduce it to the equivalent evapor- 
ation from and at 212°; that is, the weight 
of water which would have been evaporated 
by each pound of fuel had the water been 
both supplied and evaporated at the boil- 
ing point, corresponding to the mean 
atmospheric pressure. 

Q. How much heat does it take to gen- 
erate one pound of steam? 

A. That depends on the temperature of 
the water and the pressure of the steam. 
The colder the water and the higher the 
pressure, the more heat required. To 
make a pound of steam at 212° F. =100° 0. , 
from one pound of water at 32° r.=0° C, 
takes three separate lots of heat, as follows : 
(1) To raise the water from 32° F. = 0° C. 
to 212° F. =100 0., it takes 180.9 heat 
units. (2) To make that water into steam 
at no pressure, S92.9 heat units; and (3) 
To raise that steam at no pressure to steam 
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at the atmospherio pressnre <5f abontl47 
lbs. per square inch above vacaimiy 72.3 
heat units. Total, 1146.1 heat units, equal 
to 883,789 foot pounds of work. 

Q. Are all bodies expanded by heat? 

A. Yes, but in different proportions. 

Q. How many kinds of expansion are 
there? 

A. Three directions in length, in 
breadth and in thickness; also three kinds; 
linear in one direction; superficial, in two 
directions, and cubical in three directions. 
Superficial expansion is almost exactly 
twice the linear expansion; cubical expanr 
sion is almost exactly three times the linear 
expansion. 

Q. How much does a hollow body expand? 

A. A hollow Jbody expands just as though 
it were a solid, having the same outside 
dimensions. 

Q. Is the expansion of solids uniform ? 

A. The expansion of solids between 32"^ 
F. and 212° F. is sensibly uniform. 

Q. What is the mo t expansible metal ? 

A. Zinc. 

Q. How much does wrought iron e& 
pand? 
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A. Wronght iron expands abont | or |^ 
per cent; (that is, from 1 in 700 to 1 in 800) 
when heated from 32° to 212° F. 

Q. How does heat affect the volnme of 
water? 

A. Water en beirg heated from 30° to 
39.1 F. contracts; then expands until at 46^ 
F. it has the same volume as at 32° F. ; then 
expands until 212°, the boiling point under 
one atmosphere; thence continues to expand 
as it is heated. 

Q. How much does water expand be- 
tween 32° F. and 212° F.? 

A. Between 32° F. and 212* F. water 
expands .0465; that is, between^ and ^ its 
volume at 32° F. 

Q. Does the expansion of water take 
place at the same rate as the increase of 
temperature? 

A. The volume increases in a greater 
ratio than the temperature. 

Q. How can one find the density of 
water at a given temperature? 

A. To find the density of water at a 
given temperature, (approximately) : To the 
given temperature in degrees F., add 461, 
and divide the sum by 500. Again, divide 
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500 by that sum. Add the two quotients 

and divide 124.85 by their siun. 

Thus:— The density of water at 200° F. 

200-1-461 661 

= — = 1.325; 

500 500 

500 500 

= = 0.7564; 



2004461 661 

1.325+0.7564=2.0814; 
124.85-^2.0814=59.98= 

weight of one cubic foot, at 200°, in pounds. 

Q. How can the volume of feed water to 
produce a given volume of steam, be as- 
certained? 

A. By adding 458 to the steam tempera- 
ture, multiplying the sum by 373 and 
dividing the product by the steam pressure 
in pounds per square inch. 

Q. How can we find the admission 
period requisite for an actual expansion 
rate? 

A. To get the required admission period 
for a given actual expansion rate — divide 
the length of stroke, plus clearance, by the 
actual expansion rate, and deduct the 
clearance from the quotient. 

Thus an engine of 24^ stroke, 5%(= 
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0.1 foot) clearance, wpnld, to get an aotnal 
expansion rate of 4, Lave to cat off at 

2.10 

1 = .4225. 

4 

Q. "What principle should be carried 
out in regard to designing and making pis- 
ton heads? 

A. ''The piston head should he deep 
enough to insure tightness, durability and 
good alignment^ without being unduly 
heavy, ebpecially in vertical engines. It is 
a good plan to make it of two portions cast 
from the same pattern, but one having 
turned on it a hub corresponding to a re- 
cess in the other. These two may be bored 
parallel, smaller than the rod, which is to 
be turned down parallel to fit the hole ac- 
curately, care being taken to leave no 
square comer at the junction of the full- 
sized and the reduced portions. It is 
cheaper to bore parallel than to turn the rod 
taper and ream a taper hole. 

** The ring should be cast larger than the 
head, three water grooves turned in it, and 
a sufficient portion cut out diagonally to 
bring it down to the right diameter when 
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apnmg in to the recess turned for it in the 
head."— Power. 

Q, What is the^Lauoaater A Tonga pis- 
ton? 

A. b this pbton, astraight spital ^ring, 
bent into a dtole, forces ^ tlie rinKS ont 
against the walla of the ojlinder, and at tba 




LANCASTER i TONGE PISTON PACKING, 
same time holds them firmly between the 
jnnk ring and the piston body. The prea- 
snie between the piston rings and the o;l- 
inder reenlts from the natural elasHoitT' at 
the spring and its effort to regain its natoial 
shape, and does not depend upon the aorev- 
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ing down of the jnnk ring. There ia claimed 
to be no danger of cxcessiye friction being 
Bet np between the piston and the cylinder 
by careless adjustment. 

Q. Where should the cross-head pin 
be? 

A. In the center of length of the slides, 
so as to give straight throat of these on the 
guides. 

Q. When does an engine "run oyer?" 

A. An engine "runs over" when,if you 
stand at the cylinder and look towards the 
fly wheel, the top of the fly wheel runs from 
you; and vice verad, 

Q. How should the crank be fastened to 
the shaft? 

A. It should be both pressed and keyed 
on. 

Q. What is the duty of the fly wheel? 

A. The duiy of the fly wheel is to store 
up work during one stroke or x>ortion of a 
stroke, and give it out to the crank during 
another period, when the demand is 
greater. 

Q. What class of engines demands the 
heaviest fly wheels? 

A. The more irregular the work, the 
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heavier the fly wheel znnst be, to ensure 
safety to the engine and continnanoe of the 
work. The more delicate the work, and the 
more exacting of regularity of speed, the 
greater the desirability of a heavy fly wheel, 
to ensure even quality of the work. 

Boiling mills, in which the work is very 
intermittent and irregular, come under the 
first head; and paper and flouring mills, 
cotton spinning factories, and ''dynamo" 
machines for electric lighting, come in the 
second dass. 

Q. "What rules are there as to the quan- 
tity of work to be stored up in the fly- 
wheel? 

A. Watt called for a storage of the work 
during 7} strokes. Bourne says 6. 

Q. "What may be said about centering 
and balancing the fly-wheel? 

A. The fly-wheel must be accurately 
centered and balanced, especially where it 
is a pulley-wheel driving smaller pulleys, at 
higher speeds, in which case its irregular- 
ity would be multiplied. 

Q. "What limit may be assigned for fly- 
wheel speed ? 

A. Onemle puts 80 feet of rim speed 
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I)ersecox>d, equals 4800 feet per miniite» as 
the TnaTinrnTn rim speed for a fly-wheeL 
This would correspond to about 95 turns 
per zoinute for a 16 foot wheel. 

Q. What is the usual mean radius of 
the fly-wheel ? 

A. The usual mean radius of the fly- 
wheel is from three to Ave times the crank 
length (Bankine). 

Q. What may be said about fly-wheel 
pits ? 

A. These should be provided with good 
drainage, as wet main-belts are not desira- 
ble. 

Q. Should fly-wheels be left unguarded ? 

A. No. They should be caged in to pre- 
vent accidents by men or materials being 
throwu against them, or getting in the pit. 

Q. Which need the the heaviest fly- 
wheels; automatic or throttling engines, and 
why ? 

A. Automatic engines need the heaviest 
fly-wheels, for a given rate of speed and 
average pressure, because the pressure in 
the cylinder during one stroke varies more 
than in throttling engines. 

Q. Which needs the heaviest fly-wheels. 
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an engine which cuts off early, or one which 
cuts off late; and why ? 

A. The early cut offtakes the heaviest 
fly-wheel for a given average pressure and 
given rate of speed, because the cylinder 
pressures vary more during a stroke. 

Q. If two engines have the same piston 
speed and one has double the number of 
revolutions the other one has, will they 
have the same tendency to shake ? 

A. No. The accelerating force will be 
twice as much in the former case; and the 
piston come to its maximum speed in half 
the time, and in doing it will move over 
only half the space. 

Q. How can an inverted vertical engine 
be balanced ? 

A. By using a supplementary steam bal- 
ance cylinder, above the main cylinder, to 
annihilate the dead weight.'*' 

Q. How may a marine engine be got 
off its center quickly and without danger ? 

A, By having a V-grooved friction wheel 
on the shaft, and opposite to this placing 
a short straight block of iron grooved to 

•See paper of W. a Duifee,CleYelaxi(lmeetliig Am. 
Soc. M. E., 1888. 
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correspond. This block is connected to the 
piston of a short stroke steam cylinder and 
arranged so as to be made to move towards 
the friction wheel, and tonchit, by an eooen- 
tric journal.* 

Q. What is the leveragB of friction of a 
cylindrical jonrnal ? 

A. The leverage of friction of a cylin- 
drical joamal is the radios of the journal. 

Q. How can horizontal stationary en- 
gines best be mounted for testing balance ? 

A. B. W. Payne & Sons, in testing the 
balance of a horizontal stationary engine, 
put the engine on rollers, ' oross-wise with 
the cylinder axis, and connected with it by a 
flexible steam pipe. There are few engines 
that will stand this sort of test, and few men 
who can bring any aingle cylinder engine 
up to the standard imposed thereby, of run- 
ning without traveling to and fro on the 
rollers. 

Q. How may the weight of a well pro- 
portioned engine be approximated ? 

A. By the cubic foot. of cylinder. The 
following figures are from Haswell: — 

* J, F. BQUoway, In a paper l)ef ore the A. & M. S., 
July, 1888. 
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Q. How sboald bed-plates be leveled np? 

A. Bed-plates sbould be leveled up with 
sulphur, Portland cement, or lead, their val- 
ues for this purpose being in the order 
named. 

Q. How can grouting be got in large 
thin spaces between bed-plates and founda- 
tions? 

A. Bjusing a stand-pipe through wHoh 
the cement is introduced. 

Q. How may holes be tapped square 
in cylinder flanges ? 

A. To tap holes square in cylinder 
flanges, etc., it is best to have a gauge piece 
composed of a flat piece of wrought iron 
having at one end a hub which is bored 
true square with the flat end, and which has 
steel bushes or thimbles to flt dLQTerent 
taps. A centering plug is employed where 
desirable, to set tho gauge piece over the 
center of the hole. 

WBIOHTS, DBNSFEIBS, FAOTOBS, &C. 

Q. How much does a gallon of pure 
water weigh? 

A. One imperial gallon of pure water at 
62° F. has a volume of 277.123 cubic inches 
and the weight of 10 lbs. But the British 
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act of 1825, often oonsidered as in force 
jet, gives it 277.274 oabio inches, and 
10.00545 lbs. 

Q. How much does one cubic foot of 
pure water weigh? 

A. Oneoabic foot of water weighs at 

32° r= 0^0. 62.418 lbs. 

39.1 62.425. 

62° (Standard temp.) 62.855. 

212° r=100° 0. 69.640. 

(2>. jr. Clark.) 
Q. What is the pressure of a column of 

water 1 ft high? 

A. A column of water at 62^ F. and 1 
ft. high exerts a pressure of 0.433 lbs. per 
square inch on its base. 

Q. What height of water column exerts 
a pressure of 1 lb. per square inch on its 
base? 

A. A oolumn of pure water at 52° F. 
and 2.3093 ft. =27. 71 inches high, exerts a 
pressure of one pound per square inch on 
its base. Thus 50 lbs. per square inch 
would be exerted by a column of pure 
water 2.3093X50=115.465 ft. high. 

Q. How much does 1 cubic foot of sea 
water weigh? 

A. One cubic foot of average sea water 
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at62''F. weighs 64 lbs. or 40-39tlis, or 
1026-lOOOths as much as fresh water. 85 
cubic ft. of sea water weigh 1 gross ton. 

Q. How much solid matter in sea water? 

A. Sea water contains 3.40 lbs. of solid 
matter in 100 lbs., that is, j^th part by 
weight. 

Q. What is the weight of lonbio foot of 
air? 

A. One oabio foot of air, nnder a pressure 
of 1 atmosphere or 14.7 lbs. per square inch, 
weighs at 32' F., .080728 lbs=1.29 oz.= 
565.1 gr. At 62«P. it weighs .076097 lbs. 
=1.217 oz.=532.7 gr. 

Q. One lb. per sq. inch is how many lbs. 
persq. ft.? 

m 

A. One lb. per sq. inch is 144 lbs. per sqi 
foot. It is also 2.0355 inches of mercury at 
32** P. or 2.308 ft. of water at 52.3' F. 

Q. One lb. of fuel per hour per H. P.=: 
how many foot pounds per lb. of fuel? 

A. One lb. of fuel per hour per H. P. 
is 1,980,000 foot pounds per lb. of fuel, or 
2565 units of heat. 

Q. 1,000,000 ft lbs. per lb. of fuel is 
how many lbs. of fuel per hour per H« P. ? 

A. 1.98 lbs. 
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Q. Qive the weights and epeoifio gravi- 
ties of the yarious matdhals used about a 

steam engine. 

Wt.of speclflo 

. Materials. 1 cu. ft. Grav. 

Lead sheet...: 718 11.418 

Copper** 647 8.805 

Bronze: 

84COp.l«tin 634 8.66 

81 •' 19 •♦ 628 8.46 

BrasP, cast: 

75 cop. 86 zinc, sheet 627 8.4S 

66 «r 84 ** 618 8.80 

Steel (least ana greatest density)... ] ^ l'^ 

Iron, wrought, least and greatest j 466 7.47 

density 1 487 7 808 

Iron, cast, least and greatest densi- f 878.25 6.9 

ty t 467.66 7.6 

Tin 462 7.409 

Zlnc,sheet. 419 7.2 

" cast 428 6.86 

Limestone 178.9 2.58 

Granlte,gray 180 2.9 

Sandstone 180-150 2.08-2.5 

Portland cement 1 to gravel 10. . . . 189 2.88 

P. cement 1, sand 8 187 2.04 

Mortar 109 1.75 

Bricks 184.7.135.8 2^2.17 

Brickwork 110-115 1.76-1.84 

Masonry, rubble....! 116.8-143.4 1.85-8L3 

Sulphur 124.7 8 

CoaL Anthracite 85.4-90.1 1.37-1.69 

'* Bituminous 74.8-81.7 1.2-lJJl 

" Cannel 74.8 1.8 

Lignum Ylt89 40L6-82.9 .65-1.88 

Oak, American red. .* 54.2 .87 

Pine, American 81 0.84 

Charcoal (av.) In powder 98.5 1.5 

" '* In sm. pieces, heaped 86.3 0.405 
India rubber, pure 68. 0.98 
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the stephenson link.'*' 

Q. With the Stephenson link motion, how 
may the lead and cut-off be equalled ? 

A. They cannot, with a circular curve in 
the link, be made the same for both ends of 
the cylinder, for all points of cut-off, and 
for both front and back gear: 

Q. What then is done in this connection ? 

A. The back gear is disregarded. 

Q. Can the lead and the cut-off be equal- 
ized for the forward gear alone ? 

A. No ; not for all points of cut-off, with 
the ordinary circular curve for the link. 

Q. What then is done in this connec- 
tion? 

A. The points of cut-off are made the 
same for ^ gear forwards, l^cause that is 
the position in which the link is most often 
used. 

Q. How may we change the times of ad- 
mission for the front and back ends of the 
cylinder most, in relation to each other ? 

A. By changing the position of the point 
of suspension on the links. 

* See alflo pages 84, 40, of this yolmne ; and page 145 
of Part I. For other items on link motion, see pages 
84, 85, 87, 41, 44, of tliis volume. 
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Q. How may this be done ? 

A. By moving its point up and down, or 
vertically. 

Q. Where are the links generally sus- 
pended ? 

A. From a point about half way between 
the eccentric rod connections, and about i 
to } inch back of the centre line of the link 
slot. 

Q. Would there be any better point of 
suspension, as regards steam distribution ? 

A. Yes, about three inches above the 
centre. 

Q. Why not hang it there, then f 

A. Because this would, upon a locomotive 
at least, necessitate a shorter link hanger; 
and this would be liable to be too much 
strained by the motion of the link. 

Q. How can you set a Stephenson cut-off 
BO as to cut oft at seven feet stroke ? 

A. I cannot answer your question as to 
the link motion unless I know the arrange- 
ment of parts. If I bad that and the di- 
mensions, or rather distance between all 
centres, I could calculate it for you and 
give you the answer. Failing that — ^if I 
had a rough sketch showing arrangement 
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of parts, I could give you a rule so you 
could fill in dimensions and calculate, or 
perhaps even so you could put the lever 
right at the point without calculation. 

Q. What is the forward or **out " stroke? 

A. That made towards the crank. 

Q. How can you find the point of exact 
half-throw of the crank ? 

A. Square up from the crank centre, at 
right angles to the guides, or, if the engine 
be level, '' plumb V up from the crank 
centre. 

Q. How can you find the length of the 
connecting rod ?* 

A. By putting the piston at mid-stroke 
and measuring from the centre of the cross- 
head pin to the centre of the shaft. 

Q. How do you tell the distance from the 
centre of the cross-head to the centre of the 
crank shaft ? 

A. When the piston is at half stroke, then 
the distance between these two points 
equals the length of the connecting rod. 
At any other point take from the length of 
the connecting rod the distance of the 
piston from the inside of the crank end of 
the cylinder, and add to this half the stroke. 
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Q. How would you find the length of the 
eccentric rod of a link motion ? 

A. Put the valve upon its half stroke, and 
measure from the centre of the eye to the 
centre of the shaft ; then take off half the 
shaft diameter, and the thickness of the 
strap imder the foot of the rod. 

Q. In an oscillating engine, how can you 
tell whether the centre of the trunnions and 
the centre of the crank shaft be fair ? 

A. Turn the engine over and see that the 
crank pin brass is always the same distance 
from the cheek of the crank. 

THE ECCBNTBIC* 

Q. How may the throw of an eccentric be 
measured ? 

A. Subtract the height of the low side 
from that of the high. Thus : — 18" eccentric, 
8" out of the centre, on a 6" shaft, has a 
8" low side, and a 9" high side; 9"- 3"=: 6" 
= total throw, or double the eccentricity, 

Q. What will show when the eccentric 
has slipped ? 

A. If the engine runs, it will be noted 

* See also pages S6, 28, 34, 88, 89, 40, 41, 109, 110, 1S2, 
128, of this Tolame ; and pages 86, 46, 55, 106, 146, 158, 
of Part I. 
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that the exhausts from the crank and out 
ends are not the same. 

Q. If the forward-motion eccentric broke, 
could the engine be worked ? 

A. Yes; by slinging the backing eccen- 
tric in place; but in that case the engine 
could not be run in the backing motion. 

Q. What is a loose eccentric ? 

A. One having balance weights and stops, 
used for reversing engines not having regu- 
lar reversing gear. 

Q. How is an engine reversed that has a 
loose eccentric ? 

A. The eccentric rods are thrown out of 
gear, and the slide valve put by hand in 
mid-travel ; then the valve is worked by 
hand in the direction to reverse the engine ; 
the eccentrics do not turn until the stops 
get against them; then the eccentric rods 
are thrown in again. 

MEASUBING, Bi^UABING, ETC. 

Q. What should be done, when a marine 
engine is set up, to facilitate setting the cut- 
off for any given point ? 

A. It should have prick-punch marks 
made on the valve stem or some other mov- 
ing part of the valve gear, showing when 
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the valve is " line and line " at each end, 
just about to admit steam ; also similar 
marks as to cut-off, exhaust release, and 
cushion, where there is cushion. 

Then the course of the cross-head can be 
very readily laid down on the guides, and, 
the piston being held at seven feet stroke, 
or wherever you wanted to cut off, the valve 
gear could be put at that notch or clamped 
at that place, which will bring the "cut- 
off" witness-mark right for cutting off. 
The quadrant should then be marked, so 
that you can get the place the next time 
without delay or trouble. 

Q. What about equalizing the cut-off in 
marine or other engines having link motion ? 

A. With most gears, if you cut off at 
seven feet, or any point on one end, you 
will, cut off eai-lier or later on the other, un- 
less you sacrifice equality of lead. Gen- 
erally if you get the cut-offs ** squared " for 
one point of cut-off, the engine will cut off 
unevenly with any other grade of expan- 
sion. 

Q. When should the work of marking 
and setting be done ? 

A. While the engine is hot all through ; 
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as an engine set cold vill not perform the 
same when hot. 

THE aUDE TALTB.* 

Q. What are the recesses in a valve seat 
fort 

A, Partly to prevent the valve wearing 
convex so soon, but more especially to pre- 




LAPLESS VALVE AND RECESSED £ 
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yent a shoulder being worn by the steam 
edge of the valve. 

Q. How far from the steam edges of the 
ports should they be ? 

A. Close enough to the outer edges of the 
end ports to just let the steam edges of the 
valves pass them; then there can be no dan^ 
ger of shoulders wearing on the seat. 

Q. Can a slide valve be absolutely lap- 
less ? 

A. No; there must of course be enough 
lap to make a steam-tight ^^ seal "at each 
end when the valve is at mid-position, 
otherwise the engine would soon **blow 
through." 

Q. Which is the worse, too tight a piston 
packing or too loose ? and why < 

A. Too tight ; because there is danger of 
cutting the cylinders. 

Q. What changes take place in the lead 
of an inverted vertical engine, as it wears ? 

A. The top lead increases, and the bot- 
tom lead decreases. 

Q. Where a slide valve has variable 
travel, how is it likely to wear ? 

A. The valve is liable to wear convex. 

Q. If the amount of lap that an ordinary 
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slide valve has, be altered, should there be 
any other change ? If so, in what ? 

A. Yes; the position of the eccentric 
should be changed. 

Q. What should this change be in case 
some of the lap was cut off ? 

A. The eccentric should have less angular 
advance ; that is, it should be turned upon 
the shaft in the opposite direction to its 
regular forward motion, until the steam 
edge of the valve has just the desired 
amount of lineal lead when the crank is 
upon the centre. 

Q. What would be one great objection to 
a slide valve without lap, outside of the 
question of economy ? 

A. Danger of the engine sticking upon 
the centre, if it were a marine engine. 

Q. '^ How much lap is required for a slide 
valve having 3^" travel, to cut off at f stroke 
of piston ? " 

A. If there is no lead, \i inch. 

Q. Why is it that most types of automatic 
cut-off engines cannot cut off later than f 
or I stroke as a maximum ? 

A. Where there is a main valve and a rid- 
ing cut-off valve, the main valve usually has 
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steam lap proportioned to cut off at some 
definite point, if the cat-off valve does not 
effect cut-off sooner; and when the cut-off 
is by a *^ release gear," the valve has lap 
which will cause cut-off at some stated point 
if the trip does not operate before that 
time. With most release gears the gov- 
ernor can only cause cutroff while the valve 
is opening ; and this is generally during 
less than half the stroke. 

Q. ''Do you recommend inside lap on an 
engine running at one hundred revolutions 
or more per minute ? " 

A. "100 or more turns" means 100 or 
1,000, or almost anything, and the piston 
speed has an influence also. The amoimt of 
inside lap depends on too many things to be 
answered in general. Where there is con* 
siderable lead there may be no need of inside 
lap at even quite high speeds. 

The Steam Engine Catechism, Part I., 
gives considerable information as regards 
the influence of inside lap, pages 87, 49, 51, 
52, 58, 54; concerning lead, pages 41, 48^ 
51, 55, 125; port area, page 114; clearance, 

28, ee, 81, 83. 
Q..Can the D form of valve having no 
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ontside lap, employed in automatic engines, 
work saccessfuUy ? 

A. The D valve without outside lap can- 
not cut off nor work successfully unless 
helped by a riding cut-off valve, or by some 
other independent cut-off attachment, such 
as the **Tremper" rig. Of course with a 
good throttling governor it would work as 
automatically as any throttling engine ; but 
not economically. 

In fact, if the engine was overloaded, a 
lapless D valve with a good throttling gov-? 
emor would work more automatically than 
if it had lap, and had to cut off whether or 
not it was necessary. But it would not, of 
course, work economically without expansion. 

Q. In what case is an Allen valve the 
most efficient ? 

A. Where the valve travel is very short, 
and the point of cut-off very early. 

Q. ''Is not more power used up in moth 
ing double valves, than is saved in steam by 
the short feed ports ? " 

A. The amount of power required to move 
slide valves, either single or double, is 
almost an absolutely unknown quantity, and 
it would be doubly difficult to compare the. 
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amount of steam needed to overcome it,' 
with sucb a variable quantity as the amount 
wasted in tlie clearance spaces, as this last 
depends on the amount of cushion on other 
things. 

Q. **Why do many engine builders who 
make double-valve engines, make the ex- 
haust ports so narrow ? I contend that the 
exhaust ports on aU engines using the D 
valve, whether single or double, should be 
twice the width of feed ports, and if a trifle 
over would do no harm." 

A. Most exhaust ports are too narrow, on 
all classes of engines ; double the area of the 
admission ports would be best for any en- 
gine ; of course counting the amount of area 
uncovered. If, however, the exhaust ports 
are large enough to run the engine without 
back pressure, at highest pressure, latest cut- 
off and greatest speed, without exhaust re- 
lease, there is no harm in having the steam 
ports still larger, particularly where, as with 
double ported engines (i.6., those having 
one admission port at each end), the passages 
are so short that a large cross section of 
port and passage does not give excessive 
cushion. Engines with early cut-off need 
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all the chance that they can get to get tha 
steam in; particuUrLy if thej have what ia 
crroneoualy called "negative lead," 




Q. What are the Stevens valves I 
A. One variety thereof is very clearly 
shown in two positioos in the annexed cots, 
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«nd the action of the steam edges, both in- 
ternal and external, may yery readily be ana- 
lyzed by marking a card to correspond with 
the valve, and moving it to and fro over the 
seat. In another style the valves have two 
passages through them; one for admitting 
and one for exhausting steam to and from 
the cylinder ; the^ steam is also admitted and 
exhausted in the usual way. (These valves 
are upon the Wilson principle.) Another 
is shown in the cuts here given. This re- 
sembles somewhat the Allen valve, with this 
difference — steam is admitted and exhausted 
to and from the cylinder through the same 
passage. This valve also takes steam and 
exhausts in the usual way, so that the steam 
is got into the cylinder doubly and ex- 
hausted doubly. 

Q. A cylinder port is 18 inches long, ^ 
inches wide ; the steam lap of the valve is 1 
inch, and its travel 6 inches. What is the 
greatest area that the valve is open for steam? 

A. One-half travel, 3 inches; from this 
take the lap, 1 inch ; we have left 2 inches, 
which is the amount open to steam ; this, 
multiplied by the port length, 18 inches, 
gives 30 square inches. 
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Q. How do you find the greatest area that 
a slide valve is open for steam ? 

A. Take the steam lap from i the actual 
travel ; multiply that by the length of the port. 

Q. How can you tell the amount that the 
exhaust port of a common slide valve is 
open when the piston is at stroke end ? 

A. Add the steam lap to the lead ; take 
from this the exhaust lap. 

Q. What is the general rule for imcovered 
port area ? 

A. Port area uncovered should at various 
portions of the stroke be proportioned to 
piston velocity at that portion of the stroke. 

Q. What should be the steam port area ? 

A. D. K. Clark gives as the requisite 
steam port area, for 600 feet piston speed 
per minute, iV the piston area; and for 
other piston speeds in proportion. This 
gives us the table on next page of steam 
port areas* for various piston speeds and 
diameters. 

This table can easily be expressed graphic- 

auy. 

Q^ How may the various amounts of port 
opening with the ordinary slide valve in 
different positions be most easily studied f 
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eS to 


Piston Speed, Feet per Minate. 


s^ 


5| 












^•^ 


600 


600 


700 


800 


looor 


5 


§ 


.0833 


.10 


.11667 


.13333 


.16667 


10 


78.54 


6.55 


7.85 


9.16 


10.47 


13.1 


12 


118.097 


9.43 


11.31 


13.20 


15.07 


18.85 


14 


153.988 


12.83 


15.89 


17.96 


20.52 


25.75 


16 


201.062 


16.76 


20.11 


23.46 


28.81 


33.51 


18 


226 960 


18.92 


22.70 


26.49 


80 26 


87.88 


90 


814.16 


26.18 


31.42 


86.65 


41.89 


62.86 


24 


452.89 


87.69 


45.24 


52.78 


60.82 


75.40 


90 


706.86 


58.91 


70.69 


82.49 


94.25 


117.81 


86 


1017.87 


84.82 


101.79 


118.79 


185.71 


160.66 


42 


1385.44 


115.45 


138.54 


161.68 


184.72 


230.91 


48 


1809.56 


150.79 


180.96 


211.12 


241.27 


301.60 


60 


2827.44 


285.62 


282.74 


332.96 


376.98 


480.12 


73 


4071.51 


889.29 


407.15 


475.02 


542.85 


678.60 



A. By marking the seat and ports to 
scale on the top edge of one straight strip 
of pasteboard or wood, and the valve face 
on the bottom edge of another strip, mark- 
ing the centre of each, and on the seat the 
points of extreme throw of the valve, and 
then noting how much each port is opened 
or closed at each position of the valve. 

Q. If the length (or width) of the* lips of 
a slide valve is not given, how is it ciphered 
out from the other dimensions ? 

A. Add the two laps to the steam port 
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width. Thus : If a valve has i inch outside 
lap and i inch inside lap, and the steam port 
is H inches, the lips (or **legs," as some 
call them) are li + i 4- i = 2i inches each. 

Q. How can you get the length of the arch 
of a slide valve when you cannot get at it to 
measure it ? 

A. Add to the width of exhaust port the 
width of the two bridges, and subtract the 
width of the two inside laps. Thus : Sup- 
pose exhaust port 2^ inches ; bridges, each, 
H inches; inside lap i inch at each end; 
then the arch is 2^+ li+ li — i = 4^ inches. 

Q. Please state the proper proportions 
used by standard builders for the slide valves 
of a 10 X 24 passenger locomotive tor high 
speed. 

A. I have not at hand many figures for a 
10 X 24 ; but suppose that these, taken from 
Cooke engines on the D., L. & W. R. R. 
coal-burning engines, would answer: 

Steam ports H" each 

Bridges If " 

Exhaust port fii" 

Valve arch 41" 

Steam lap }" each end. 

Exhaust lap none. 

I would recommend i% inch exhaust lap 
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each side, which would bring the yalye arch 
down to 4i^ inches. I would make the 
ports at least 18" long. 

Q. What should be the travel of a lapless 
valve ? 

A. A lapless valve should have for travel 
double the steam port width. 

Q. What should be the travel of a lapped 
valve ? 

A? A lapped valve should have for travel 
at least twice the sum of the widths of leg 
and of steam port. 

Q. What effect on the cut-off has increase 
ing the travel ? 

A. Increasing the travel very slightly re- 
tards the cut-off. 

Q. What is "over-travelling" ? 

A. Over-travelling is where the steam 
edge of the valve passes the end port and 
travels over on to the bar or bridge. 

Q. What is the effect of having so little 
travel as to open the steam port only part 
way? 

A. If the travel is so short as to only par- 
tially uncover the steam port, the steam is 
apt to be wire-drawn, at least at high piston 
speeds. 
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Q. Does a plain D slide valve move with 
the piston of a steam engine, or against its 
motion ? 

A. It does both. 

Q. When the piston is at the back end of 
the cylinder, where is the valve, supposing 
that there is no rocker arm and that the en- 
gine has not negative lead ? 

A. It has moved quite a little distance 
forward, so that the back steam edge of the 
valve is just uncovering the back edge of 
the back steam port. 

Q. When the piston has got well toward 
the centre of its stroke, what is the valve's 
action ? 

A. It commences to move in the opposite 
direction to the piston. 

Q. When the piston is very nearly at 
front stroke end, where is the valve ? 

A. It has commenced to open the front 
port for the purpose of admitting steam to 
the front of the piston. 

Q. Up to the end of the stroke, how does 
the valve run ? 

A. In the opposite direction to the piston. 

Q. When the piston reverses to go on the 
back stroke, what is the valve movement t 



^ I 
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A. TThey travel in the same direction 
(backwards) until the valre has made its 
full back stroke. 

Q. What then ? 

A. The valve reverses and goes forward, 
running forward until the piston is at back 
stroke (engine on back centre). 

Q. What next ? 

A. The piston reverses and runs the same 
way as the valve, as on the preceding for- 
ward stroke. 

Q. Lay this down for a 12" stroke engine'. 

A. FI8T0N JLWSnStVXQ rOBWABD. YALYK BITNNINO. 



Distance travelled 0" 


Forward. 
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(Still.) 
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Backward. 
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PI8T0N BUKKINO BACKWARD. 
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Distance travelled 0" 


Backward. 
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(Still.) 
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Forward. 
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(( 


12 


u 



Q. How may you note the actual and rela- 
tive motions of piston and valve ? * 
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A. By watching the rods. 

Q. Why should every engineer do this ? 

A. Because some motions open the valve 
suddenly and close it suddenly, and some 
open and close too leisurely. 

Q. Does the steam chest always contain 
live steam ? 

A. The steam chest in the '* Buckeye'' 
engine contains exhaust steam only. 

Q. Is an absolutely balanced valve desir- 
able ? 

A. There are many who claim that an ab- 
solutely balanced valve would not be desir- 
able, because enough friction to keep the 
surfaces bright and prevent corrosion from 
starting leakage is necessary. 

Q. What is the rule ordinarily given for 
the pressure which tends to force a slide 
valve to its seat ? 

A. Add the area of one steam port to the 
area of the valve port, and multiply these by 
the mean effective pressure per square inch. 

Q. Does the pressure in the steam chest 
(tending to press an unbalanced slide valve 
to its seat) vary during the stroke ? If so, 
why? 

A. ' ^ Steam chest diagrams," taken by the 
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indicator, show that where the chest is 
small and the supply pipes insufficient in 
carrying capacity, the pressure in the chest, 
tending to press the valve to its seat, is least 
daring the period when the cylinder is tak- 
ing steam ; say, daring about the first and 
fifth half quadrants of crank position of the 
average automatic cut-off engine, catting off 
at one-fifth. to one-fourth stroke when prop- 
erly loaded. 

Q. Does the pressure under a slide valve 
(tending to lift a slide valve from its seat, 
if it is free to move) vary during the piston' 
stroke ? If so, why ? 

A. The pressure under a slide valve, tend- 
ing to lift it from its seat, being simply that 
exerted upon it through the end ports and 
exhaust ports, of course varies greatly dur- 
ing the stroke. Just what are these upward 
pressures per square inch, at various posi- 
tions of piston, is easy to determine; but 
what are the valve areas thus exposed to 
upward pressure, is much more difficult to 
analyze, owing to the fact that the valve is 
shifting, and that its speed and direction, 
compared with those of the piston, are con- 
stantly changing. 
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[In looking for any eabject having more than one 
word, look first for what appears to von to be the prin- 
cipal word, and if yon do not find it under the initial 
letter of that word, try under that of the other.] 

A. 

PAOS 

Absolute pressure in steam-cylinder 11, 12 

Absolute zero of temperature 157 

Actual expansion rate 68 

Actual ezJMinsion rate in compound engines 54 

Actual horse-power 86 

Adjustable cut-off 9 

Admission Ill 

Admission— period required for a given actual ex- 
pansion rate 18 

Admission, volume of steam during 15 

Advance, angular 185 

Advance, angular, at mid-gear. 89 

Advantages uf smiall engines 82 

Air-pump 100 

Air-pump j et condenser 101 

Airspace lagging.. 84 

Air, velocity of 100 

Air, weight of 99, 176 

Air, pressure of 176 

Alignment 126 

Allen valve 31,187 

Allen valve, casting a 81 

Allen valve, designing 80 

Allen valve, saving of fuel by 81 

Angular advance 88, 185 

Angular advance, at mid-gear 89 

Arch 198 

Area of cylinders in compound engines 60, 61 
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PA8S 

Area of steam- port « Ill 

Area port 118 

Areas of pistons 51 

Arm, rocker (««« Bocker arm). 

Atlas engine , 10€ 

Atmosphere (see Air). ' 

Automatic engines 166, 186 

Automatic governors 63 

Average pressure 27 

Average total pressure 13 

B. 

Back pressure 12, 22 

Balanced cvlinders, supplementary 169 

Balanced slide- valves, disadvantage of 82 

Balanced slide-valve, Tipping^s 82 

Balanced valve 197 

Balancing 169,170 

Balancing fly-wheels 167 

Beam-en^nes 110 

Bearings, cooling when hot. 141 

Bearings, heating of 128, 140 

Bed-plates, grouting 178 

BlacK lead {see also Plumbago, Graphite). 

Black lead 128 

Boiler and initial pressure 21 

Boston & Albany K. R., tests on 81 

Boxes, stuffing (see Stuffing boxes). 

Brake 91 

Brasses, half round 181 

Bridges, width of 29 

Bright work 129 

Bright work, protection of 128 

Broken eccentric 181 

Brown gear 48 

Buckeye engines 197 

Buyingan engine 68 

C. 

Capacity 166 

Capacity of cylinder 19 

Capaci^ of engine 85 

Cards, indicator {see Indicator diagrams). 
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PA8S 

Care and use of engines 123 

Carriage, eteam 84 

Can,^ 140 

Castiog Allen yalvee. 30 

Center, sticking npon * 185 

Centering fly-wneela 167 

Centers 124, 160 

Centrifugal governors 62 

Centrif ogal governors, objections to 62 

Chest, steam 109,118,180 

Cheval vapeur 86 

Clmrch,W. L 148 

Clearance affecting expansion rate 54 

Clearance, effect of 70, 74, 75 

Clearance, reckoning 10 

Clearance, waste by 79 

Compactness 108 

Compound condensing engine, advantafes of 45 

Compound condensing engine, power of. 45 

Compound engines 48.46, 58. 117, 156 

Compound engines, relative areas of cylinders in, 

49, 80, 51 

Compression 24, 80 

Compression, amount for economy 81 

Compression, equalizing 88 

Compression, saving by 80 

Compression table 81 

Condenser 99 

Condenser ezbaust 154 

Condenser exhaust induction 101 

Condenser, surface 101 

Condenser, syphon 101 

Condenser, vacuum by 18 

Condenser, value of 18 

Condensation in cylinder 82, 84 

Condensation water , .... 166 

Condensing engines, compound, power of 45 

Conical pendulum governor, circle described by . . . . 66 

Conical pendulum governor, revolutions 66 

ConicU valves 108 

Connecting-rod 117, 124 

Connecting-rod. brass 124 

Connecting-rods, ends 181 

Connecting-rod, fastening 186 

Connecting-rod, length 179 
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PA8S 

Constniction 107 

Cooke locomotives 193 

Cooling hot bearings 148 

CorliBS en£:ines 108 

Corliss valve gear 128 

Cowdrey engine, setting 151 

Cowdrey engines 151 

Crank 179 

Crank-pin 123,125 

Crank pin diameter 113 

Crank-pin heating 131 

Crank-pin leneth 118, 114 

Crank-pins, ouing 141, 142 

Crank-pins, putting in 183 

Crank-shaft 128 

Cranks, cast 181 

Cranks, fastening to the shaft 166 

Cross-head 185 

Cross-head, heavy 188 

Cross-head- pin 124 

Cross-head-pin, position of 166, 179 

Cushion (see Compression). 

Cut-off 13,24,84,124,182,185,187,194 

Cut-off, adjustable, advantages of 9 

Cut-off, early disadvantages of 10 

Cut-off, expansion rate for 14 

Cut-off, disadvantages of too early 10 

Cut-off, early 78,187 

Cut-off, early. In locomotives 9 

Cut-off, early, in marine engines 10 

Cut-off, equalizing 27, 85 

Cut-off, for given amount of work 18 

Cut-off, inequality neutralized 89 

Cut-off, in vertical engines 10 

Cut-off , point of 18 

Cut- off , riding 185 

Cut-off, tremper 187 

Cuts-off, varying 88 

Cut-off tJ*. throttle 84 

Cutting cylinders 182 

Cylinders, area of, in compound engines 49 

Cylinder areas, rule for, in compound engines, 

146 147 148 

Cylinder capacity '. . .1^ 19 

Cylinder capacity, rule for 19, 20 
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PASS 

Cylinder condensation 82,84 

Cylinder cutting 128 

Cylinder flanges, tapping 178 

Cylinder heaos, wuoden 144 

Cylinder oiling 142 

Cylinderoils 142 

Cylinder oils, testing 143 

Cylinder, pressure in, rule for 11 

Cylinder, required area of, in compound engines . .60, 51 

Cylinder, steam, pressure in 11 

Cylinders, power of 60 

Cylinders, radiation from 60 

Cylinders, supplementary, balanced 160 

Cylinders, un jacketed 60 

D. 

Dead center 124 

Deadening the exhaust 131 

Densities 173 

Density of water 162 

Design 107 

Designing Allen valve 80 

Designing piston-headA 187 

Dia^ams m>m steam chest 107 

Diagrams, indicator (see Indicator diagrams). 
Diameters Oook under heads "Crank-pin," etc.). 

Dodd valve motion 88 

Dodd valve motion, objectiona to 84 

Double valves 187 

Draught in engine-room 84 

Dryness of steam 60,60, 157 

Dryness of steam, Zeuner^s experiments 61 

Duty (see also Economy) 66, 108 

D valve (see Slide-valve). 

Dynamometer 01 

Early cut-off 187 

Eccentric 100,110,180,181 

Eccentric, adjustable 28 

Eccentric, angular advance of 88 

Eccentric, affecting position of piston 80 
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PAOB 

Bocentric, broken 181 

Eccentric center, position of in reverging 28 

Eccentric, loose 181 

Eccentric, loose, position of 41 

Eccentric position 186 

Eccentric-rods, attaching 88 

Eccentric-rods, correct length 86 

Eccentric -rods, crossed 88 

Eccentric-rods, uncrossed 88, 40 

Eccentric-rods, cnnred ; 86 

Eccentric-rod, obliouity of 89 

Eccentric-rod, length 180 

Eccentric, role for correct length 96 

Eccentric slip 180 

Eccentric-straps, heating of 128 

Eccentrics, doable 122 

Eccentrics, fixed 84 

Eccentrics, movable 84 

Economy 81,102,185 

Economy, effected by lap 78 

Economy in locomotives 9 

Economy In steam 76 

Economy of ensdne 66,67 

Economy of exhaust, mles for 82 

Economy of small ports 78 

Efficiency of steam 67 

EfflciencT, to reckon 67 

Electrio-ilght machines 91 

Engine (gee also nndw yarioos snb-heads). 

Engine, perfect. 70 

Engfaie rating 66,68 

Engine-room, draught in 84 

Engine, work done oy 66 

Equalization of cut-off 27, 8S, 177,182 

Equalizing admission 177 

Equalizing compression 88 

Equalizing exhaust 94 

Equalizing lead 177 

Erection 107 

Excentric (eee Eccentric). 

Exhaust, at mid-gear 89 

Exhaust closure, equalization 96 

Exhaust condensers IM 

Exhaust, deadening 131 

Exhaust, effect of reversing 88 
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PAGE 

Exhaust, equalizing 24 

Bxhaast-iap Ill 

Bxhaa8t-lap. benefit of 79 

Bxhaast-lead 110 

Exhaust opening 197 

Exhaust-pipe 130 

Exhaust-pipe heads 154 

Exhaust-port 118, 188 

Exhaust pre-release 82 

Exhaust release, economy of 82 

Exhaust-steam induction condenser 101 

Exhaust steam, temperature of 22 

Exhaust, waste by 84 

Expansion, affected by clearance 64 

Expansion and vacuum 72, 78 

Expansion, extent of 68,89 

Expansion in receiver engines. 56 

Expansion, insufficient, causing waste 68 

Expansion, intermediate 68 

Expansion of steam 20, 161 

Expansion of water 162 

Expansion rate 52,68,64,168 

Expansion rate, actual 62 

Expansion rate, admission for required 18 

Expansion rate for different points of cut-off 14 

Expansi( )n rate, hyperbolic logarithm of 14 

Expansion rate in Woolf engines 68, 64, 56 

Expansion rat«— period of steam admission for a 

given rate 18 

Expansion rate, rule for '. . . .18, 64, 56 

Expansion, rule for total work during 16 

Expansion, value of 60 

Expansion, work done during 16 

Eztexnal radiation ,,, 109 

P. 

• 

Factor of hone-power...; 88 

Factors 178 

Fast running engines 186 

Feed-water, volume of 168 

Fitchburg S. E. Co 106 

Flanges, cylinder, tapping holes in 178 

Floor-mill engines.,,, 104 
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FAGS 

Ply-whe€l velocity 18S 

Fly-wheel weight 114 

Fly-wheels 114,115,116, 166,168 

B'ly-wheels, balancing 167 

Fly-wheels, centering , 1(X7 

Follower speed 134 

Foot pounds in fuel 175 

Ibrce de cheval 86 

Formulas for horse-power 86, 86, 90, 91 

Friction 112,114,118,12* 

Friction of engine 84 

Friction of journals 170 

Friction of steam pipes 21 

Fuel, foot^unds m 175 

Fuel, heating power of 169 

.Fuel, saving by Allen valve 31 

Fuel, waste by exhaust 88 

G. 

Gain by high initial pressure 77 

Gases 157 

Gear 128 

Gear, Brown ^ 43 

Gear, Joy 48 

Gear, mid, opening at 29 

Gear positiou, cbange of 36 

Getting upon the center 169 

Gooch , Dani el 85 

Governor, centrifugal speed 62 

Governor, conical pendulum 65 

Governor, conical, revolutions of 60 

Governor, theoretical 63 

Governors 62 

_ Governors, automatic 62 

■ Governors, centrifugal 16,62 

Graphite 128 

Gravity, specific, of materials 176 

Gridiron valves 122 

Grinding slide-valves Ill 

Gross horse-power 87, 90 

Grouting bea-plates 178 

Guides, lining of : 128 

Guides, oiling 141 

Guides, wear of 186 
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PAGB 

Half-throw 189 

Hanger, length of 36 

Harlan & Hollingsworth Co 102 

Harris, W. A 149 

Hartford engine 90 

Heads, piston {see Piston-heads). 

Heat, latent, of water 159 

Heat, specific 157, 158 

Heat units 158 

Heating of bearings ISJS, 140 

Heating of crank-pin 131 

Heating of eccentric-straps 128 

Heating power of fuels 159 

Hemenway, P. P 106 

High pressure 126 

High pressure, econorav in 76 

High pressure, proof of economy of 97 

High-pressure steam in locomotive practice 9 

High-speed engines 110,193 

Him^B experiments for dryness of steam. 61 

Holes, tapping in cylinder flanges 173 

Horizontal engines % 114,118,136 

Horizontal stationary engines 170 

Homblower, Jonathan A 47 

Horse-power v 85 

Horse-power, actual 86 

Horse-power, constant 90 

Horse-power, factor of 88 

Horse-power formula 91 

Horse-power, gross 87 

Horse-power, nominal 86 

Horse-power, rule for gross and net 90 

Howe,A. 84 

Hyperboliclogarithm 91 

L 

Indicating 130 

Indicator 91 

Indicator cards (see Indicator diagrams). 

Indicator diagnuna 122, 129 

Induction condenser, exhaust-steam. . « 101 

Initial pressure, economy in high 76 
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Initial pressure, gain by •. 77 

Initial pressure, rule for 16, 17 

Inside lap {see Lap, exhaust). 

Inverted yertical engines 106, IflO, 184 

J. 

Jacket! ng 156 

Jacketing cylinders 60 

James, W. T., steam-carriage 84 

Jarring 134 

Journals 170 

Journals, friction of \ 170 

Joy yalve-gear 42, 48, 44 

K. 

Keys 166 

Seying eccentric 109 

Kilogrammeter 117 

L. 

Lagging. 100 

Li^ng, air-space ..: 84 

Lancaster and Tonge piston 166 

Lap 186 

Lap as effecting economy S8 

Lap, excessive ^ S4 

Lap, exhaust 78, 79, 111, 186 

Lap, exhaust, varying 88 

Lap for different types of engines 94 

Lap, gain by 71 

Lap in reversing 27 

Lap. inside (m0 Lap, exhaust). 

Lapless valve 188, 184, 187,194 

Lapped valve 195 

Latent heat of water 150 

Law of governors 64 

Lead 24,25,40,109,110,184 

Lead, constant 86 

Lead, exhaust 110 

Lead, opening at mid-gear 29 

Lead, to reckon SO 

Lead, unequal 27 
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PAGS 

Lead, TiiriAtion of.... 41 

Leveling bed-plates ITS 

Lime and tallow 129 

Lining up gnides 128 

Link action {see Link motion). 

Link, AlJen 84 

Link-block, slip of 87 

Link, disadvantages of saspending 85 

Link, length of ; 41 

Link motion, crossed rods 44 

Link motion, uncrossed rods 41 

Link motions 84, 87, 182 

Link motions, advantages of 85 

Links, shifting 84 

Link-slot, lengthof..^ 41 

Link, Stevenson 84, 40 

Link, snspending 85 

Link, Walschjlert 84 

Links, stationary 84 

Locomotive, Cookers 198 

Locomotive practice, high pressure in 9 

Locomotive viUves 198 

Locomotives, cut-off in, early 9 

Locomotives, economy fai 9 

Locomotives, pistons of 144 

Logarithm, hyperbolic 91 

Loose eccentric 181 

Lost motion. . . . *. 128 

Lubricatiou , 188 

M. 

Marine engines. 109, 182,186 

Marine engines, cut-off in early 10 

Marine engines, pistons of 144 

Marine engines, racing in 10 

Marine engines, wheel velocity 10 

Marking 182 

Marks^ lormnla for horse-power. 86 

Marshall gear 48 

McNaught, Wm 48 

Mean effective pressure 18, 91, 160 

Measuring 181 

Measuring volume of steam used during period of 
admission » 15 
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Mid-gear, angnlar Advance at 89 

Mid-gear, opening at 29 

Mine enfifines 104 

Mineral oils 148 

Motions, valve SH 

Movements of piston U, 68 

Net horse-power 90 

New York Steam Heating Co 130 

Nominal horse-power 86 

Norwalk Iron Worics. . . a 108 

Nota, tight 129 

O. 

Oilcans 140 

Oiling crank-pin 141, 142 

Oiling cylinders 142 

Oiling gnides 141 

Oiling slides 141 

Oils, sperm 189 

Oils 139,142 

Oils, cylinder 142 

Oils, cylinder, testing 148 

Oils, mineral 142 

Opening exhaast 191 

Opening, port 40, 111, 190, 191 

Ot*cillating engine 180 

Oscillating pendalnm, vibration of 64 

Out-stroke 179 

Over-running 166 

Over-travel 194 

P. 

Packing for rods 127, 185 

Packing for valve-stems 125 

Packing, piston 184, 184 

Packing-rings 186 

Payne,B. W., & Sons 170 

Pendulum engine 119 

Pendulum governor, revolutions of conical 66 

Pendulum, ylbmUons of 64 
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Pins {tee Crank-pin, CroBB-headrpin). 

Pipes, friction in steam 21 

Pipes, sapply 134, 180 

Piston-heads ia4, 164 

Piston-heads, designing 187 

Piston-heads, strength of 148 

Piston movements 51, 62 

Piston-papking 184,184 

Piston, position of, affected by eccentric 89 

Piston-ring, width 186 

PJston-rings 137 

Piston-rod 128,127,185 

Piston-rod packing 126, 126 

Piston-rods, steel 188 

Piston-rods, wear of '. 125 

Piston- valve rings 136 

Piston-valves 122 

Piston velocity 182,188 

Piston, work done by, in one stroke 17, 18 

Piston, work done per inch of 21,26 

Pistons, areas of 51 

Pistons, hea^ 182 

Pistons, wooden 144 

Plumbago 122,128 

Point oicut-off 18 

Pomade, "Pntz" 129 

Portaiea 112,191 

Port area, steam Ill 

Port, exhanst 118 

Port opening ^40, 111, 190, 191 

Port opening at mid-gew 29 

Port, width of 29,112 

Portable engines 148 

Ports 188 

Ports, economy of small 78 

Ports, to proportion 89 

Position of lly-wheel 114 

Ponnd 124 

Pounds, foot (see Foot ponnds). 

Power, norse («« Horse-power).. 4 

Power of compound condensing engines 45 

Power of cylinders 60 

JPower, required area of cylinder in compound 

engines 60, 61 

Power to move Blide-yalves „»,,,, •«,• 187 
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Pray A Co 105 

Pressare .37, 166 

Pressure above yacamn 11, 12, 18 

Pressare, absolute 11, IS, 18 

Pressure at any point, rule for finding 18 

Pressure, average 27 

Pressure, average total 12 

Pressure, average net (see Pressure, . .ean eflective). 

Pressure, back 12, 22 

Pressure, boiler 21 

Pressure by vacuum 18 

Pressure, high TO, 126 

Pressure iu a vacuum 99 

Pressure in cylinder, rule for 11 

Pressure in Pteam chest 197 

Pressure, initial 21 

Pressure, initial, economy iu 76 

Pressure, initial, gain by 77 

Pressure In steam-cylinder 11 

Pressure, mean effective 18 

Pressure of air 176 

Pressure of steam at various portions of stroke. ... 18 

Pressure of steam, relation to temperature 28 

Pressure of water 174 

Pressure on f lide-valve 197 

Pressure, relation between and temperature 22 

Pressure {see also Initial, Absolute, Terminal, Meau 
eflective. Average, Total, Back). 

Pressure under slide-valve 197 

Pressure, work of steam in overcoming 16 

Primins, percentages of 61 

ProporUons of locomotive valves 198 

Pump, air 100 

Patz-pomade for bright work , 129 

Racing in marine engines 10 

Racing, remedy for 10 

Radiation -. 60 

Radiation, external 100 

Radiation from cylinders 60 

Raffiird, N. J 114 

Rate of expansion 18, 108 

Rate of expansion in Woolf engine 64 
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Rating an engine.!.. < ...66,103 

Batio. intermediate expansion 68 

Real norge-powcr 86 

Receiver engines, compared with Woolf 68 

Receiver engines, expansion in 66 

Receiver engines, rale for expansion in 66 

Receiver ensines, work done oy 68 

Receiver, volome of 68 

Regoiation 66,100 

Relays Ill 

Release, exhaust 88 

Reversing 27, 28 

Reversing engines 181 

Reversing, lap lead in 27 

Reversing position of eccentric center 28 

Bldhig, cut-off 186 

Rings for piston-vsJve 186 

Rings, packing 186 

Bin^, piston 187 

Rocker arm, influence of 87 

Rods, eccentric {see Eccentric-rods). 

Rod packing , 127,186 

Rod, piston 128,127,185 

Rods, connecting 181, 185 

Rods, piston, packing of 125, 126 

Rotative engine....' 107 

Rotatory e^ne 107 

Rule for clearance 10 

Rule for cylinder areas in compound engines.. 46, 47, 48 

Rule for eccentric-rod length 86 

Rule for expansion in recmer engines 66 

Rulefor expansion rate 18 

Rule for expansion rate in Woolf engines 64, 65 

Role for nnding pressure at any point of the 

stroke • 18,19 

Ruleforgross and net horse-power 90 

Rule for hyperbolic logarithm of expansion rate. . . . 14 
Rule for initial pressure for given amount of work.l6, 17 

Rule for pressure in steam-cylinder 11 

Rule for total work of steam during expansion 15 

Rule for weight of steam 91 

Rule for wok done by receiver engines 68 

Rule for work done by Woolf engine 67, 66 

Bole to find cylinder capacity for given amount of 

iteam for one atioke ,....19,90 
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Rnnning oyer and under 196 

Bast, removal of UK) 

S. 

Saturated steam 59, 00 

Saving by compression 80 

Screws, set 109 

Sea water 174 

Seats, valve, finishing 181 

8ee,J.W 108 

Set screws 109 

Setting 110,188 

Setting slide-valves . ... 24 

Setting, Stephifenson, cntH>fl 178 

Setting up 181 

Setting np a Cowdrey engine 15 

Setting valves 24,128 

Shaft 128 

Shaft, fastening crank to 166 

Shaft, tumbling, position of 86, 37 

Shaking 169 

Shouldering 188 

Simplicity 102 

Slide-valve, finishing 131 

Slide-valve, keeping seated 81 

Slide-valve, motion of 190, 196 

Slide-valve, overrunning 166 

Slide-valve, setting 24 

Slide-valve, speed of 31 

Slide-valves 23, 106, 110, 111, 118, 122, 193, 198 

Slide-viUves, balanced, disadvantages of 82 

Slide-valves, curved 122 

Slide-valves, lifting 82 

Slide-valves, Tipping^s balanced.^ . . .- 32 

Slides, oiling 141 

Slip, change of gear position 86 

Slip, reduction of 86 

Slippage, wheel 10 

Slipping, eccentric 180 

Small engines, advantages of 82 

Specific gravity of materials 175 

Specific heat..., 167,158 

Speed 128 

Speed, high no 
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Speed of fly-wheels 167 

Speed of follower 184 

Speed of slide-valve 81 

Speed {see also Velocity). 

Sperm oil 189 

Spider 184 

Square engines 112 

Squaring 181 

Steam 15 

Steam a perfect gas 60 

Steam— causes of difference between boiler and ini- 
tial pressure. . . . : 21 

Steam-chests 109,113, 180, 197 

Steam cylinder, pressure in 11 

Steam distribution 178 

Steam, dry 61, 157 

Steam, dry, advantages of 61 

Steam, dryness of 59, 60 

Steam, economy in 76 

Steam, efficiency of 67 

Steam-engine rating. 102 

Steam, expansion OT 20 

Steam, measuring volume during full steam period. 15 

Steam-port area Ill, 191 

Steam-port, width 112 

Steam-ports , 188 

Steam-ports, to proportion 29 

Steam pressure 27 

Steam pressure, yariations of 21, 22 

Steam— relation between pressure and temperature. 22 

Steam, saturated 59, 60 

I Steam, superheated 60 

Steam, to reckon efficiency of -. 67 

Stfeam-traps 60 

Steam, weight of 20, 26 

Steam, weight of, rule for 21 

Steam, work done per cubic foot of 21 

Steam, work of, in overcoming pressure 15 

Steel piston rods 188 

Stephenson's link *. 40, 177, 181 

Stevens valves 189 

Sticking on center. 185 

Straps, eccentric, heating of... 128 

Strength of piston heads 143 

Stroke, pxeasores at various lengths 18 



016 Stbah-Enoine Oatbchism. 



PAOB 

Stnfflng-bozes 196,138,184 

Salphar, nee of 141 

Superheated steam 80 

Saperbeating, advantages of 80 

Saperheating, limit of 57 

Supplementary balance cylinders 160 

Snpply pipes 124, 190 

Sorface condenser 101 

Suspension of link 178 

Sypbon condenser 101 

T. 

Table, coinpaHson of email and large engines. , . . . . 88 

Table for compression 81 

Table of gain, by higb initial pressure 77 

Table of relative areas of cylinders in compound 

engines 40 

Tallow and lime 129 

Tapered valves 106 

Tapping holes in cylinder flanges.... 178 

Temperatures 186 

Temperature of exhaust steam 82 

Temperature of steam, relation to pressure 22, 28 

Terminal pressure 11,12 

Testing cylinder oils 148 

Tests upon B. A A. R. R 81 

Thompson, J. W 148 

Throttle 180 

Throttle M. Cut-off 84 

Throttle engines 168 

Thumping 110 

Tipping's DAlanced slide-valve 82 

Traps, steam.. tl 

Travel 184. 194 

Travel, vuiable 184 

Tremper cut-off 187 

Trunnions 180 

Tumbling shaft, position of 86,87 

Twin engines 110 

Two- ported engines •. 100 

V. 

Units, heat 158 

Uncovered port area 191 
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Valve motion W 

ValTe-openlng IK, 181 

Valve-pbtOD laa 

v*]ve-«u iaa 

ValYfrMMa, OnlibiiiE 181 

Valve MtuiiB m 

Valve, illde Jta Slide-vBlTe). 

Valni, apeed ot slide 81 

Valve^tem, lepgttaot 87 

Valie-alem. po^ng. US 

Valve-atom, vlbratlmiaof 87 

ValTBtlpB 1« 

Valve-traTd IST, IM 

Valves, corneal 108 

Valvea, piMon, rlngi tot 181 
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"Velocily ot Bit lOO 

Veloolly of flj-wheel TO 

Velocity of ilMHi. 182,188 

Vdocltr («M alao apeed). 

Tertieal eneloea IH, iw, 118,18* 

Veitieal eoilnea. eaC-4)ffln 10 

VerUoal eaOnn. Inverted. W6, 188 

Vlbntlon (3 dbcjIIiii ln).' pendoliun A4 

VlhralioMof vfllvi-_-r.iin 8T 

Volume o( recclvfr 6S 

Volume at atenm tliiiiii^'admlmlon.......... — .. 15 

Volume ot ateain duriui; lull Meam period It 

VoliuBe of iteam, meiutuini 1> 



218 Steam-Engike Catechisil 

w. 

PAGX 

Waldesg, Heasinger von 85 

Water T>v exhaast 84 

Water, density of 168 

Water, expansion of 168 

Water, feed, volume of. 163 

Water for condensing 155 

Water, latent heat of 159 

Wateri pressnre of 174 

Water, sea 174 

Water, weight of 178 

Watt, J ames 100 

Wear of guides 186 

Wear of valves ^184 

Weight of an: 99,175 

Weight of engines 170 

Weight of fly-wheel 114 

Weight of steam 20, 21 

Weight of steam, rule for 21 

Weight of water 178 

Weights 178 

Wheel, fly {gee Fly-wheel). 

Wheel slippage 10 

Wheel velocity in marine engines 10 

Wilson valves 190 

Wiredrawing 79,107,111,128 

Wire drawing, cause of 80 

Wire drawing, waste by 80 

Wood, De Volson 105 

Wooden cylinder-heads 144 

Wooden pistons 144 

Woolf and receiver types compared 52 

Woolf,Arthur 47 

Woolf engine 58, 64,55, 117 

Woolf engine, objections to 47 

Woolf engine, rule for work done by 67, 58 

Woolf engine, work done by 56 

Woolf & Wolff compound engines, difference be- 
tween 69 

Work done by engines 66 

Work done by receiver endues 68 

Work done by Woolf engine 66 

Work done during eroansion 15 

Work done per cooic foot of steam 26 
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Work done per inch of piston 36 

Work done upon piston '. . . . . 21 

Work, initial pressure for given amount 16, 17 

Work, net, of steam for one stroke of piston 17 

Work of steam, reckoning 16 

Work of steam in overcoming pressure 15 

Work per stroke ■, 17, 18, 

Z. 

Zero, absolute, of temperature 157 

Zeuner^ s experiments for dryness of steam 91 
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12lh editi<m (1886). 12mo, limp calf, $2.50. 
TRAUTWlNE'S MEASUREMENT AND COST OP 

EARTH WORK. 9th edition. «vo, cloth, $2.00. 
WELLINGTON'S ECONOMIC LOCATION OF RAIL- 
WAYS. 8yo, d oth, $6.00. 

15 ASTOR PI<A€E, NEUr YORK. 



THE 

STEAM ENGINE CATECI^ISM. 

A series of direct practical answers to direc* 

practical questions. Mainly intended for 

jonng engineers and for ezamiuation 

questions. 

BY 

ROBERT GRIMSHAW, M.E., 

Editor of " Power/' and of the *' Journal of Railway 

Appliances/' author of "Grimsliaw on Saws/' 

'* Saw Filing/' *' Modem Milling/' •* Miller, 

Millwright, and Mill Furnisher/' ''Hints 

on House Building," and other 

Practical Works. 

PART I. 

5th revised and enlarged edition, 18mo, cloth, illus- 
trated, $1.00. 



This hook is intended to answer not only " such 
direct questions as have been asked by both theo- 
retical and practical men," but ** questions chosen 
with the view of saving the reader a long search 
after some point, and enabling him to get directly 
at the information desired. " Fomlulas and mathe- 
matical gymnastics are avoided. While the book is 
not written for professional men, it is technically 
correct and up to date. It will serve admirably as 
a guide to those about to be examined for a license, 
or for admission to engineering societies, etc. It is 
liberally illustrated and supplied with reference 
tables. 

JOHI WILET A SOUS, 16 istor Place, lei TorL 

Mailed and prepaid on receipt of the price. 



STEAIJ ENGINE Ci^TECHlSlJ. 

PART I. 

NOTICES, 
Frwn The Engineering Kew9m 

" This book seemt to be Terr well adapted for the pnrpoae 
intended ; the ao»wen are clear and easily nnderetood, and 
thev cover almost every possible oonditi<in of the case. For- 
mnlas and mithenatics an avoided except in their noet simple 
form. It is a handy Tolome to bave about in this day of cml 
lervice examinations." 

From The M^hanicfU News* 

'* Not only * Toang Engineers,' for whom the work is mainly 
intended, bntall who deure mdimental and prsoUcal instmc- 
tion in the science of steam engineerins; win iiiid proflt tn read- 
ing the Steam Engine Catechii'm by Rober. GrimAaw. It con- 
sists of a eerier of qnestions and answers involving not only 
the,fimdamental principles of the steam engine, but the detaiU 
of its operation. Of course no man can become an engineer by 
studying a book, however comprehensive or accurate it may be; 
bttt eve^ engineer is better qualified for his duties iot having 
dilieently perused a work of this churacter The diingn he al- 
ready knows will be more cleaily apprehended and permanently 
held in mind ; and the most expeneiiced member of the pro- 
fession cannot fail to add to his stock of ustthil ideas bv folTow- 
liM;this Catediism attentively, even with occasional dis«eot 
where the matter at issue is one of cqHnion ratbu* than undls- 

Suted fact. The book contains numerous illustrations and 
ibles, and an excellent index, and is sold for $1.00.^' 

From The Boston Journal of Cofnmerce* 

" This is a series of questions and answers intended mainly 
for the use of young engineers. A very complete index ren- 
ders it available as a ready book of reference, and while not 
written for professionHl men. the book i* claimed to be tech- 
nically correct and up to date. Numerous drawings and 
tables r( nder the explanation easily intelligible, »nd the com- 
putations easy in a manner which cannot fulof comprehension 
by the most ordinary reader.** 

From The Millstone. 

** We need not introduce the author of this handy little book 
to our readers. The * Catechism' embodies much of the matter 
famished by him nnd printed in Th$ MiUtUme last year, but 
put into its present <orm it becomes doubly valuable for easy 
reference, it is a fine text-book for the young engineer, or for 
the student in Mechanics." 



Locoiotire Eoipne Rmmint and HanajEnent 

Bt ANGUS SINCLAIR, 

xncsas or thx bbothbbbood qw. i«ooovoTiya BvanrsBM. 

Tliit book deseiibos turn 

LOCOMOTIYBS ARB WOBK£D 

To best adyantage in taking all kinds of trains ortr tbe road 

ontima. It treats clearty tb« 

PmNCIPl4BS OF STEAM BNGINSBEtmO 

As applied to the locomotire ; gives plain dlrectione to 

YOUNG JEKGINBSRS 

What to do in caseaof 

ACCIDBNTS TO ANY PABT OP THBIR ENGINE. 

How to care for and repair the 

WBSTINGH0U8E AIB BRAKE 

Is folly explainedt and tiie action of Iqjectors is madeclear. 

THE YALYB M0110N 

Is treated at great length. 

VALVE SETTING AND LAYING OUT VALVE MOTION 

Being made thoroughly intelligible. 

NUMEROUS WOOD CUTS 

Are used to make the explanations dear. 

The book is the work of a Practical Looomotiye Engineer. 

1 2mo, Cloth, Plates, $2.00. 

JOHH WILET & SOUS, 16 Astor Place, lew Tort 

Circulars, with table of contents, gratis. 



"It should be made a text-book in every railroad shop and 
round house, and placed in the hands of every man who is ex- 
pected to have anv responsibility placed upon him in conoeo- 
Hon with tbe coustrucnon, care, or running of a locomotive.''— 
American AttUan. 

** We take pleasure in saying that we And it the most perfect 
work of its kind that has come to our notice.'^*— Locomotive 
Engineeni' Journal. 

** We therefore stronglv urge all who arein any way connected 
with, or even interestea in, the locomotive to purchase this 
practical work and read it for themselves. ' ^—London Mechah ical 
world. 

''We can heartily recommend this book to our readers em- 
^oyed in the locomotive department."— Xoncfon Sailtffo^ 

'* An excellent book for men interested in steam engineerings 
valve setting, designing valve motion, the care of the westing- 
house brake, etc.^^— American Machinist, 
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MARINE Engineering, 

Including other machinery, such as dredging 
PLANT, engines for ROPE and chain haulage on 
rivers and canals, etc., etc. 

Amongst the Engines o^ Screw Steamships de- 
scribed and illustrate are those of the 

PARISIAN, GALLIA, ARIEL, DALLAS, GALLATIN, 

COQUETTE, WRANGLER, PENNSYLVANIA, SER- 

VIA, TENEDOS, GRECIAN, SAN FRANCISCO, 

AND MANY OTHERS. 

With the engines of the Paddle Steamers, 

FAYOUME, MIDLOTHIAN, HOHENZOLLERN, PRINZES 

MARIE, ETC., ETC. 

Also containing details of the 

COMPOUND SCREW ENGINES OF U. S. SLOOPS-OF- 

WAR. 

Illustrated with 295 fine Engravings in the text, 
and 

ONE HUNDRED AND SEVENTY-SIX 
FOLIO PLATES. 

(Two-thirds of which are double-page size.) 

Oomplete, Folio, Half Moroooo, - $18.00 



PUBLISHED BY 

JOHN AVILEY & SONS, 

ASTOR PI.ACK, NEUr YORK. 



STEAM-ENGINES: 

Stationary— Marine— lioeoinotive. 

GAS-ENGINE& 



STBAM-BNOIlfJB CATBCHISM. A Mries of 
thoroug^hly practical questions aiid aaswers ai> 




STBAM-ENGINS CATBCHISM. Part II. Cton- 
taininff answers to further practical questions re- 
oeivea since the issue of the first volume. By 
Robert Qrimsbaw, M.E. 18mo, cloth |l 00 

THBORT OF THB STBAM-BNGINK. Trans- 
lated from the fourth edition of Weisbach's Mechan- 
ics. By Prof . A. J. Du Bois. Containing notes giTinif 
practical examples of Stationary, Blarine, and Lo- 
comotive Engines, showing American practice. Br 
R. H. Buel. Numerous illustrations. 8vo, cloth.. |6 00 

STATIONARY STBAM-BNGINES. EqpeclaUy 
adapted to Electric Lighting Purposes. Treating 
of the Development of Steam-Engines, the prin<d- 
ples of Construction and Economy, with description 
of Moderate Speed and High-Speed Engines. By 
Prof. R. H. Thurston. 12mo, cloth $1 50 

TABLES, WITH EXPLANATIONS, RELAT- 
ING TO THB NON-CONDENSING STATION- 
ART STEAM-ENGINE, AND OF HIGH- 
PRESSURE STEAM-BOILERS. By W. P. 

Trowbridge. Plates. 4to, paper boajxls . $2 50 

INDICATOR PRACTICE AND STEAM-EN- 
GINE ECONOMY. With Plain Directions for 
Attaching the Indicator, Taking Diagrams, Comput- 
ing the Horse-power, Drawing Uie Theoretical 
Curve, Calculating Steam Consumption, Determin- 
ing Economy, Locating Derangement of Valves, 
and making all desired deductions; also. Tables re- 
quired in making the necessary conoputations, and 
an Outline of Current Practice in Testing Steam- 
engines and Boilers. By Frank F. Hemenway, 
Associate Editor '* American Machinist," Member 
American Society Mechanical Engineers, etc. 
Umo, cloth fSOO 
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VWBKTT TBABS WITH THB INDICATOR. 

t» Thos. Fray, Jr., C.B. And M.K 9 vols. Svo, 
^Mk, f8.tlD; or wparately— Volume 1, Bro, cToiai, 
tl.6v; Volume 2, 8vo, cloth. $8 00 

The work iB by » pmottoal eiuriiMer of oKwe tbaa niiutoea 
jean' ezperienee ia readjinilnflr mmI ocnreeMngr, m well 
m for power, economy, etc., of the flteam-englne by the 
indicator ; and no formula haa been introdaced except in 
plain, simple langnage, concisely stated. 

MARIVB KMOINBS AND DRKDGINO-IIA- 
OHINBBV. Showing the latest and best Enfpliah 
and American Practice. Bv Wm. H. Maw. fihis- 
trated bv over 150 fine steel plates (mostly two-page 
illustrations) of the engines of the leadhig screw 
steamships of England and other nations, and 
numerous flue wood-engravings. Folio, half mo- 
rocco $18 00 

itEPORT OF A SERIES OF TRIALS OF 
IV ARM-BLAST APPARATUS FOR TRANS- 
FERRING A PART OF THE HRAT OF 
ESCAPING FLUE-GASBS TO THE FUR- 
NACE. By J. a Hoadley. A complete record of 
a carefully conducted series of trials, with many 
tables, illustrations, etc. 1 vol., Svo, cloth $1 50 

LOCOMOTIVE-ENGINE RUNNING AND 
MANAGEMENT. A practical Treatise on the 
Locomotive Engines, showing their performance 
in running different kinds of trains with economy 
and dispatch. Also directions regarding the care, 
management, and repairs of Locomotives and all 
their connections. By Angus Sinclair, M.E. Illus- 
trated by numerous engravings. 12mo, cloth. . . .$2 00 

LOCOMOTIVE ENGINEERING AND THE 
MECHANISM OF RAILWAYS. A Treatise on 
the Principles and Construction of the Locomotive 
Engine, Railway Carriages, and Railway Plant, with 
examples. Illustrated by sixty-four laige engrav- 
ings and two hundred and forty wood-cuts. By 
Zerah Colbum. Complete, 20 parts, $7.60; or 3 
vols., cloth, $10.00. Half morocco $15 00 

THE GAS-ENGINE* History and Practical Work- 
ing. By Dugald Clerk, with 100 illustrations. 
ISmo, cloth $8 00 

THE PRINCIPLES OF THERMO-DTNAM- 
IC8. With Special Applications to Hot- Air, Oas, 
and Steam Ennnes. By Itobert RTmtgen. With ad« 

, ditions from Profs. Verdet. Zeuner, and Pemolet. 
Translated, revised, and enlarged by Prof. A. Jay 
Du Bois, of Sheffield Scientific School. 670 pages. 
8vo, cloth $5 00 
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